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I studied four areas in south Mississippi from 2009-2010 to examine habitat
conditions and faunal communities associated with presence of black pine snakes
(Pituophis melanoleucus lodingi), a candidate for federal listing. Field studies included
vegetation sampling, small vertebrates trapping, and fire ant (Solenopsis invicta) mound
densities estimation. Areas that supported black pine snakes exhibited vegetation
communities that differed from areas that did not support pine snakes. Presence of black
pine snakes was influenced by ground cover vegetation and stump hole densities.
Greatest densities of ant mounds were detected in areas that supported pine snakes and
gopher tortoises (Gopherus polyphemus). Species associates of black pine snakes
included coachwhips (Coluber flagellum flagellum), scarlet snakes (Cemophora
coccinea), six lined race runners (Aspidoscelis sexlineata sexlineata), and gopher
tortoises. Findings of my study are being used to address creation of habitat corridors for
black pine snakes and species associates within the Mississippi longleaf pine belt.
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CHAPTER I
INTRODUCTION
Historically, the longleaf pine ecosystem occurred across much of the lower
southeastern United States encompassing vast tracts of land along the Lower Gulf Coastal
Plain (Davis 1996). It was estimated that this ecosystem covered 33 million hectares or
approximately 61% of the coastal plain landscape (Wahlenberg 1946; Ware et al. 1993).
Over the past several decades, most of the original longleaf pine forests and associated
savannas have been lost or degraded due to site conversion for development, forestry, and
agriculture. Current estimates indicate that 841,800 ha of this ecosystem type remains
(Frost 2006).
Dodd (1995) documented that 170 of the 290 (59%) species of amphibians and
reptiles of the southeastern United States occur in this habitat type. Some species are
endemic to this environment including gopher tortoises (Gopherus polyphemus) and
black pine snakes (Pituophis melanoleucus lodingi). Means (2006) reported that 40
mammalian species occur in longleaf pine forest, with 2 listed as longleaf pine habitat
specialists: Florida mouse (Podomys floridanus) and Southeastern pocket gopher
(Geomys pinetus).
The loss and degradation of longleaf pine habitat has caused concern for many
species that depend on longleaf pine ecosystems. Many amphibian and reptile species,
and at least one mammalian species found within this habitat type are state or federally
1

listed endangered or threatened or are candidates for these listings (Dodd 1995; Cardoza
and Langlois 2002). Examples of reptile species noted as declining due to reduction and
fragmentation in the longleaf pine ecosystem include eastern indigo snake (Drymarchon
corais couperi), eastern diamondback rattlesnake (Crotalus adamanteus), southern hognosed snake (Heterodon simus) and Florida pine snake (Pituophis melanoleucus mugitus;
Moler 1992; Franz 1992; Means 1995; Tuberville et al. 2000). One of the mammal
species originally found in the longleaf pine belt, the cougar (Felis concolor), is thought
to have been extirpated from it’s eastern range in the longleaf pine forest ecosystem, due
in part to habitat fragmentation (Cardoza and Langlois 2002; Means 2006).
Along with habitat loss and degradation, introduction of invasive plant and animal
species has continued to negatively impact native species of remaining longleaf pine
forests and associated sandhill communities (Browning et al. 2004). Imported red fire
ants (Solenopsis invicta) are considered one of the most damaging introduced species in
the Gulf Coastal Plain of the United States (DeBerry et al. 2008). These fire ants cause
negative impacts to native plant and animal species (Epperson and Heise 2003). Many
authors have reported increased mortality, local extirpation, and reduced recruitment in
native wildlife and invertebrates due to imported fire ants (Epperson and Heise 2003;
Browning et al. 2004; DeBerry et al. 2008). DeBerry et al. (2008) estimated that
imported fire ants caused property damage to electrical and farm equipment, crops,
pollinating insects, wildlife, and livestock in excess of $1 billion annually in the
southeastern United States. Additional findings reported by Epperson and Heise (2003)
concerning impacts to survival of hatchling gopher tortoises caused by widespread
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infestations of imported red fire ants are as important as other conservation concerns,
such as habitat loss and degradation.

LITERATURE REVIEW
A primary species of conservation concern in the longleaf pine belt of the Lower
Gulf Coastal Plain of the southeastern United States is the black pine snake. Primary
threats including habitat loss, fragmentation, and degradation lead to the consideration of
black pine snakes as a candidate species (listing as threatened or endangered) with the
U.S. Fish and Wildlife Service in October 1999 (USFWS 2010). Because the entire
distributional range of black pine snakes occur within the longleaf pine belt, conservation
and maintenance of this habitat is essential for species recovery and conservation.
Conservation combined with restoration is especially important due to the rate of
degradation and loss of longleaf pine forests and savannahs over the last century (Conant
and Collins 1998; Means 2006).

Black pine snake
Black pine snakes are melanistic in color and range in length from 122-163 cm,
with a record length of 193 cm (Conant and Collins 1998). They are longleaf pine
specialists that range from extreme eastern Louisiana, through southern Mississippi, and
over to the southwestern part of Alabama (Conant and Collins 1998). Black pine snakes
have been documented as occurring in mature longleaf pine forests with loose, sandy
soils, open canopies, moderately fire-suppressed midstories, and thick, grassy
understories (Hinderliter and Lee 2005).
3

Baxley (2007) estimated home range sizes of black pine snakes in south
Mississippi at 92-396 ha (minimum convex polygon MCP home ranges). This home
range estimation was larger than a previously reported size of 47.5 ha (average MCP
home range) on Camp Shelby Joint Forces Training Center (Army National Guard
training facility, DeSoto National Forest; Duran 1998; Duran and Givens 2001). Large
home range size for this species suggests the need for conservation of large habitat
patches and maintenance or creation of habitat corridors.
Baxley (2007) reported core home ranges of black pine snakes as having greater
numbers of mammals (especially hispid cotton rats, Sigmodon hispidus) than areas of
minimal use along home range edges. This prey association is unique from other pine
snake (Pituophis sp.) species which typically prey on and are associated with pocket
gophers (Geomyidea: Geomys). Pocket gophers are not found within the western range
of black pine snakes (Burt and Grossenheider 1980; Himes 2000; Franz 2001) and
therefore, pine snakes in this portion of the range typically depend on a diversity of small
mammals, such as hispid cotton rats. According to Baxley (2007), hispid cotton rats and
other rodents that serve as prey to black pine snakes may be so important that rodent
densities may influence core home ranges of black pine snakes.
Outside of Mississippi, most observations on refugia use by Pituophis sp. include
use of gopher tortoise burrows or pocket gopher tunnels (Himes 2000; Franz 2001).
There have been no published observations on pocket gopher tunnel usage by black pine
snakes due to separation of species ranges (Burt and Grossenheider 1980; Himes 2000;
Franz 2001). Gerald et al. (2006a) and Baxley (2007) who studied activity of Pituophis
sp. reported < 50% of the snake observations occurred above ground. These findings led
4

to hypotheses concerning pine snakes’ tendency to seek refuge underground for extended
durations. Most of Baxley’s (2007) underground observations consisted of use of stump
hole refugia by black pine snake. Stump hole refugia use also has been reported for other
large, terrestrial snakes including eastern diamondback rattlesnakes, northern pine snakes,
and eastern indigo snakes (Means 1995; Waldron 2005; Gerald et al. 2006b; Dodd and
Barichivich 2007).
In addition to habitat loss and degradation, invasive species threaten the habitat
quality of remaining longleaf pine forest and associated habitats. Invasive species may
also impede ecosystem restoration successes, and therefore, can negatively impact habitat
restoration in the longleaf pine belt of Mississippi and other southern states. Imported
fire ants are of great importance to ground nesting birds and reptiles due to the potential
for hatchling depredation (Epperson and Heise 2003). Furthermore, fire ants cause
extirpation of many native invertebrate species which can be important in the
maintenance of native plant communities (DeBerry et al. 2008). Thus, negative impacts
of fire ants may have direct and indirect ecological consequences to black pine snakes
and species associates within the longleaf pine belt of the southeastern United States.

Imported fire ants
It has been proven multiple times that non-native and or invasive flora and fauna
can be a detriment to the environment. The southern United States is home to numerous
non-native amphibians, invertebrates, mammals, plants, and reptiles (Simberloff et al.
1997; Bolen and Robinson 2003). One such invertebrate that has a deleterious effect
within the southeastern longleaf pine ecosystem is the imported red fire ant. Fire ants are
5

aggressive stinging ants that are normally identified by their aggressive behavior and
large mounds (25.4 to 60.96 cm). Fire ants occur throughout most states in the Gulf
Coastal Plain except for mountainous regions of northernmost southeastern states
(DeBerry et al. 2008). DeBerry et al. (2008) found that these non-native ants cause
human health, economic, and ecological damage throughout their infestation range.
Numerous impacts to wildlife have been reported, especially to native
invertebrates and ground-nesting vertebrates. Porter and Savignano (1990) recorded
depredation on native ants and other insects; whereas, Browning et al. 2004 reported
negative impacts of fire ants on whitetail deer (Odocoileus virginianus) and ground
nesting animals through injury to and depredation of offspring. Epperson and Heise
(2003) reported depredation on hatchings of gopher tortoises, which are federally listed
or protected throughout their range. Although depredation affects other imperiled reptile
species, the aggressive nature and widespread infestations of fire ants in the Southeast
could potentially be a limiting factor to many wildlife species (DeBerry et al. 2008).

JUSTIFICATION OF STUDY
Habitat restoration and management that focuses on longleaf pine and savannah
communities is essential for long term recovery of flora and fauna that depend on the
longleaf pine ecosystem. These fauna include amphibians, birds, mammals, and reptiles.
If landscape level conservation is desired, public and private lands should be considered
for ecosystem restoration and management. According to Outcalt and Sheffield (1996),
roughly 67% (801,278 ha) of the remaining longleaf pine stands are under private
ownership, either by forest industry or other private ownership.
6

Habitat restoration and management support for private lands exist through
federal, state, and organizational programs. Conservation programs sponsored through
U.S. Department of Agriculture and U.S. Department of the Interior Fish and Wildlife
Service have prioritized restoration of longleaf pine communities in recent years
(USNRCS 2011). This effort could potentially enhance habitat quality and quantity for
species, such as black pine snakes, gopher tortoises, and grassland birds on privately
owned lands in the Lower Gulf Coastal Plain of the Southeast. Furthermore, enrollment
of private lands in conservation programs that seek to restore longleaf pine communities
can create habitat corridors for movement and dispersal of longleaf pine-savannah
species (USFWS 1990). This effect could be especially cumulative if enrolled private
lands are located near or adjacent to areas of known population sources of imperiled
species. Corridors of restored or managed private lands that are interconnected with one
another, or are close to restored habitats of public lands may reduce impacts of habitat
fragmentation and loss, and also foster genetic exchange between geographically isolated
populations of imperiled species (Tewksbury et al. 2002).
Information is lacking on habitat conditions for imperiled species, like the black
pine snake on private lands with different forest conditions (USFWS 2010). Other
herpetofauna and small mammals are often understudied and more information is needed
on their ecology (Gibbons 1988). Also, I found few studies that addressed mound
densities of imported fire ants on private and public forestlands in south Mississippi.
Furthermore, limited information exists on fire ant mound densities associated with
habitats that supported black pine snakes and gopher tortoises compared to unoccupied
habitats on private and public lands in the Lower Gulf Coastal Plain. I submit that
7

increased information on the aforelisted topics could assist natural resource managers in
developing forest restoration plans for the enhancement of habitat for these imperiled
species on private and public lands. Natural resource managers could also use this
information to assess fire ant infestation under various reforestation practices within
different upland forest habitats.

8

OBJECTIVES
1. Estimate mound densities of imported fire ants at active burrows of gopher
tortoises and locations without gopher tortoise burrows on private and public
forestlands in south Mississippi.
2. Identify and evaluate habitats (private and public lands) that support black pine
snake populations in south Mississippi in terms of landscape position and edaphic
conditions for identification of connective habitat corridors on which to prioritize
longleaf pine restoration.
3. Conduct soil, vegetation, and woody debris assessments in habitats known to
support black pine snakes, and measure these characteristics on other forestlands,
including longleaf pine restoration areas and unmanaged pine and mixed forests,
to assess potential these lands to support black pine snakes. Construct geospatial
coverages that identify areas known to support black pine snakes, lands enrolled
in longleaf restoration programs, and lands that could potentially be enrolled in
longleaf pine restoration to develop corridors on public and private lands for this
species.
4. Measure abundance and species richness of small mammals and herpetofauna on
sites where black pine snake were detected and sites where no detection occurred.
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CHAPTER II
STUDY AREAS AND FIELD METHODS

STUDY AREAS
Study sites were located in Forrest, Greene, Hancock, Lamar, Marion, Perry, and
Wayne counties in south Mississippi (Figure 2.1). I selected 16 study sites to include in
my study (Tables 2.1 and 2.2). Land bases on which study sites were established were
managed by Natural Resource Conservation Service, U.S. Fish and Wildlife Service,
Mississippi Department of Wildlife, Fisheries, and Parks, Mississippi Army National
Guard, U.S. Forest Service, The Nature Conservancy, and private landowners. Selection
of study sites was accomplished through cooperation with professionals of these agencies
and organizations. Selection of private lands for inclusion in the study was dependent on
private landowners’ willingness to allow research to occur.
Size criterion for inclusion was > 10 hectare. Therefore, most land bases of < 10
ha in size were excluded as potential study sites with the exception of one private
property parcel in Greene County (approximately 4 ha in size). Due to the need for
privately owned lands that were managed for longleaf pine and supported gopher
tortoises, I included this land base to strengthen inference capabilities of habitat
conditions that existed on private lands. The public and private land bases selected for
my study had multiple habitat types found within priority and suitable soils that were
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included for study investigations (Tables 2.1 and 2.2). Habitat types delineated for
investigation were as follows:
1) Longleaf pine forests (>15 years of age) under fire management that
supported gopher tortoises on suitable and priority soils,
2) Longleaf pine forests (> 5 – <15 years of age),
3) Planted pine regeneration sites (< 5 years of age), and
4) Mixed pine-hardwood, mixed pine, planted pine forests (>15 years of age)
with limited or no fire management.
Although rights-of-ways and open fields were not considered originally as a
habitat type for evaluation, presence of active gopher tortoise burrows on at least 4
forested land bases caused me to include this habitat type in assessments. Evaluation of
this habitat compared to non-burrow locations within forests was considered important
from a forest restoration and management perspective, because tortoise movement into
openings has been reported as a response to suboptimal conditions in adjacent forested
habitats (Jones and Dorr 2004). Because I sought to quantify mound densities of
imported fire ants at active burrow and non-burrow locations, I included active tortoise
burrows in forest types and within openings in my sample population.
All study sites included in my study exhibited a dominance of suitable or priority
soils as designated by the USFWS (1990; Tables 2.3). Therefore, I included well-drained
soil types that could potentially support tortoises in the sample population and excluded
mesic and clay-soil habitats, such as alluvial floodplains and wetlands, from the sample
population. I classified selected soil types into sandy, coarse loam, and fine loam
categories based on characteristics that would influence suitability for burrowing and
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nesting, including soil texture, sand depth, drainage, and permeability (Tables 2.3;
Landers and Speake 1980; Foth 1990; USDA 2009; USFWS 1990). Most study sites on
public lands exhibited a dominance of suitable soils except for 2 public land sites located
on priority soils within sandhill communities. All private lands exhibited a dominance of
suitable soils with some intermixing of priority soils on at least one private land site
(Tables 2.1 and 2.2).

Black Pine Snake Study
Study sites for black pine snake sampling were located in Forrest and Perry
Counties, Mississippi (Figure 2.2). The 4 study areas included in my project are referred
to as the following: ACUB (Gunthrie-Phillips property; Legal description location:
Section 2, Township 1 North, Range 12 West ), Camp Tiak Boy Scout Camp (Legal
description location: Section 26, Township 1 South, Range 12 West and Section 35,
Township 1 South, Range 12 West) and two study sites located on Camp Shelby Joint
Forces Training Center (CSJFTC) and DeSoto National Forest: Mars Hill (Sections 2833, Township, 1 South, Range 9 West) and Site 7 (Section 15, Township 1 North, Range
10 West). These sites were selected based on suitable and priority soils found in
association with gopher tortoises, land base size and close to existing known populations
of black pine snakes. Specific site descriptions for each study site are as follows.
ACUB property is a 113 ha tract of mixed pine hardwood forests transected by
several permanent streams. Soils of the entire tract are dominated by Latonia –Trebloc;
however, studies to assess black pine snake occurrence and habitat evaluation were
conducted on portions of the land that were dominated by suitable soils (Benndale)
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located in the northwest part of the property. The primary stand composition was
comprised of various age classes of >15 year old loblolly pine (Pinus taeda), with a dense
midstory of hardwoods. Prescribed burning had not been conducted on the property
within the past 5 years and field inspections suggested that greater than 10 years have
elapsed since a fire incident. The area was used previously as a hunting area/lease,
presently listed by the Nature Conservancy as a conservation area and noise/security
buffer for CSJFTC. At the start of the study, the property was being considered for
purchase by College of Forest Resources of Mississippi State University, and progress is
advancing toward this purchase agreement in 2011.
Camp Tiak was a 344 ha tract of predominately >15 year old natural and planted
longleaf pine with interspersed loblolly pine. No fire had occurred for at least 5 years at
the initiation of our study; although 2 stands where drift fence arrays were in place were
burned during fall 2009 and spring 2010. This land base was used for outdoor activities
for the Boy Scouts of America program.
Mars Hill and Site 7 were located on CSJFTC and DeSoto National Forest.
DeSoto National Forest was a land base comprised of approximately 153,188 ha of public
land located south of Hattiesburg, Mississippi. Soils of the Mars Hill site were comprised
primarily of Smithdale, McLaurin, and Benndale, which are classified as suitable soils for
gopher tortoises (Table 2.3). Forests were predominately >15 year old natural longleaf
pine forests with an abundant shrub cover. The area was used for military training and is
burned at 2 – 4 year intervals. Gopher tortoises were present on the site. Site 7 had
similar forest cover and burning regime. Soils of the area were primarily suitable soils
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for gopher tortoises and included McLaurin, Benndale, and Benndale-Smithdale soils.
Gopher tortoises were also present on Site 7.

FIELD METHODS

Drift fence arrays
On the 4 black pine snake study sites, black pine snake occurrence and population
levels were investigated through capture-recapture studies using box funnel traps and
drift fence arrays during March through September of 2010. Drift fence arrays and box
funnel traps construction and placement were based on designs described by Baxley
(2007), Lee (2009) and Wilson et al. (1996). Drift fences (i.e., sedimentation fence with
wooden stakes pre-attached to it and dimensions of 100 m x 1 m) were combined with 6
box traps (1.22 m x 0.46 m x 0.61 m) equipped with funnel openings (35.56 cm x 7.62
cm). One box funnel trap was placed at the end of each drift fence end, and 2 box funnel
traps were placed in the mid-section of the drift fence array on opposite sides of the
fence. Five pitfall traps (18.93-liter plastic buckets) were placed on alternating sides of
the drift fence (Lee 2009; Figure 2.4). Four drift fence arrays were placed at each of the
4 study sites on areas that exhibited soils that were suitable or priority for gopher
tortoises. Two sites located on CSJFTC, Mars Hill and Site 7 were monitored by
researchers with The Mississippi Nature Conservancy. Study sites at Camp Tiak and
ACUB, were monitored by researchers/employees with Mississippi State University.
Traps were opened monthly from March 2010 – October 2010 for 4-7 days per trap
period and checked daily (Table 2.4).
18

Species, gender, body and tail length, and weight were recorded for all captured
amphibians, reptiles, and mammals (Burt 1957; Burt and Grossenheider 1980; Conant
and Collins 1998; Dodd 2009). Snakes and mammals were marked with a unique
identifier. Ventral scales were clipped on snakes to Brown and Parker (1976). Small
animal ear tags (size 1005-1 with a three-digit laser engraved number) were inserted into
mammal ears by a stainless steel applicator (National Band and Tag Company 2011). All
snakes and mammals were released at the point of capture. Age class of black pine
snakes was assessed based on size and coloration (Conant and Collins 1998).

Habitat Evaluation
Habitat survey transects and plots were established at burrow and non-burrow
sample point (when possible) on study sites for measuring habitat structure and
vegetation (Figure 2.3). At non-burrow locations, a GPS center point for the 40 m plot
was established and marked in the field. From this center point, a 20- m line intercept
was established by randomly selecting one of 4 cardinal directions. At active burrows,
the burrow opening served as plot center. From the burrow opening, a line intercept was
established departing from the burrow opening just beyond the burrow’s soil apron (Jones
and Dorr 2004). Percent coverage of vegetation, leaf litter, debris, and bare ground was
measured along line intercepts (Hayes et al. 1981; Jones and Dorr 2004). Ground and
midstory coverage as measured at three heights: < 0.3 m, > 0.3 m – < 1 m, and > 1 m
(Yager et al. 2007). Vegetation recorded within these heights were identified to species
when possible, growth form (herbaceous or woody), plant type (forb, grass, grass-like,
legume, shrub, tree, vine), and native or non-native status. Unidentified or unknown
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specimens were collected and most were identified in the lab using Miller and Miller
(2003) and the USDA plant database website (USDA 2011). Belt transects of 0.5 m in
width were established along each side of the 20-m line intercept. One of the 0.5 x 20 m
belt transect at each sample point was selected randomly to assess stem densities of
woody plants (Hayes et al. 1981). Woody plants were totaled and identified to genus and
species when possible. Densitometer readings were conducted at each end of line
intercepts yielding 2 densitometer readings per line intercept (Hayes et al. 1981). Basal
area was assessed using a 10-factor prism at the initiation point of each non-burrow and
burrow line intercept (Hayes et al. 1981).
Habitat evaluations were conducted using 40-m circular plots at active gopher
tortoise burrows points and at random non-burrow points to estimate amount of
brushpiles, animal and stump holes, logs, stumps, and fire ant mound densities (Hunter
1990). Distance away from center point was recorded for all variables in 5-m intervals
with 4 distance bands (0 - ≤5 m, >5 - ≤10 m, >10 - ≤15 m, and >15 - ≤20 m). For
brushpiles, distances, totals and type (hardwood or pine) were recorded and type classes
were assigned: Class 1: coarse woody debris, Class 2: tree/treetop debris, Class 3: log
pile, Size 4: unknown (difficult to ascertain due to advanced state of decay of material or
some other type of brushpile that does not fall into the other three classes). Distances,
totals and type were assigned for holes: Class 1: animal hole, Class 2: stump hole, Class
3: unknown hole (unidentifiable by observer as either animal or stump). Distances,
totals, types, and approximate decay classes were assigned to all logs with classification
as follows (log diameter based on diameter of greater than 50% of the log’s length): Size
1: log/limb diameter <15.24 cm, Size2: log/limb diameter ≥15.24 cm - ≤30.48 cm, Size 3:
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log/limb diameter >30.48 cm, Size 4: log/limb diameter unknown (difficult to ascertain
due to advanced state of decay of log), Decay class 1: log/limb appears mostly intact
(bark remains or >75% of log/limb remains intact), Decay class 2: log/limb appears
mostly decayed (no remaining bark, log/limb completely soft or only heartwood
remains). Distances, totals, types, and approximate decay classes were assigned to all
stumps, and stump diameter estimates were based on diameter of stump at ground level
as follows: Size 1: stump diameter <15.24 cm, Size2: stump diameter ≥15.24 cm ≤30.48 cm, Size 3: stump diameter >30.48 cm, Size 4: stump diameter unknown (difficult
to ascertain due to advanced state of decay of stump), Decay class 1: stump appears
mostly intact (bark remains or >75% of stump remains intact), Decay class 2: stump
appears mostly decayed (no remaining bark, stump completely soft or only heartwood
remains). Stumps with a height <1 m were examined and classified as stumps for this
study. Standing deadwood >1 m in height were classified as snags (Hunter 1990).
Topographic elevation and slope were ascertained from GPS units and map
coverages. Soil categories were assessed through field inspection and from existing
databases and soil survey maps from Natural Resource Conservation Service, Mississippi
Army National Guard, Mississippi Natural Heritage Program, The Nature Conservancy,
U.S. Forest Service, and U.S. Fish and Wildlife Service.

Fire Ant Mound Surveys
I used 40-m circular plots for fire ant mound density observations, and identified
fire ant mounds by mound appearance. Fire ant mounds were “disturbed” (scraping the
mound top with my foot) and classified as active or inactive based on presence or
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absence of fire ants at time of survey (total fire ant mound densities are reported for this
thesis). Individual ants were not collected for identification through magnified inspection
in the field or laboratory. Descriptions reported by DeBerry et al. (2008) and Markin et
al. (1973) were used to identify mounds constructed by imported fire ants versus other
native and non-native ant species. I did not attempt to quantify subsurface tunnels in my
inventories. Overall, distance from center point, total mound numbers, and activity status
(active or inactive) were recorded for fire ant mounds found on circular plots (King and
Tschinkel 2006). It is assumed that all mounds were counted, but due to different
management regimes on habitat types, growth of understory herbaceous and woody
vegetation may have lead to underestimation of fire ant mounds (Forbes et al. 2010).
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Figure 2.1. Study sites for the Gopher tortoise (Gopherus polyphemus) and Black pine
snake (Pituophis melanoleucus lodingi) study located in Forrest, Greene,
Hancock, Lamar, Marion, Perry, and Wayne counties in south Mississippi in
2009 - 2010.
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Figure 2.2. Study sites for drift fence array locations for the Gopher tortoise (Gopherus
polyphemus) and Black pine snake (Pituophis melanoleucus lodingi) study,
located in Forrest and Perry counties in south Mississippi in 2009 - 2010.
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Figure 2.3. Design of vegetation sampling plots for the Gopher tortoise (Gopherus
polyphemus) and Black pine snake (Pituophis melanoleucus lodingi) study
located in Forrest, Greene, Hancock, Lamar, Marion, Perry, and Wayne
counties in south Mississippi in 2009 - 2010.
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Figure 2.4. Drift fence array design used to capture terrestrial herpetofauna and
mammals for the Gopher tortoise (Gopherus polyphemus) and Black pine
snake (Pituophis melanoleucus lodingi) study used on the 4 areas trapped for
black pine snakes in Forrest and Perry counties, Mississippi from March
through September 2010. Labeled Components: Trap array (A), close up of
a side funnel box trap (B), an end funnel box trap (C), and an array
schematic (D) with circles representing 5-gallon pit fall trap buckets and
rectangles representing constructed funnel box traps. (Photo used with
permission from James Lee, The Nature Conservancy).
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Table 2.1. Study sites and estimated hectare on private lands in south Mississippi for the
Gopher tortoise (Gopherus polyphemus) and Black pine snake (Pituophis
melanoleucus lodingi) study in 2009 - 2010.
Size
(estimated hectare)

Study Site, County

4

Bx. Property, Greene
Brk. Property, Hancock

1740

Brown. Property, Lamar

10

V.H. Property, Perry

202

Wr. Property, Lamar

850

Y. Property, Marion

47
2853

Totals Across All Sites

Table 2.2. Study sites and estimated hectare on public lands in south Mississippi for the
Gopher tortoise (Gopherus polyphemus) and Black pine snake (Pituophis
melanoleucus lodingi) study in 2009 - 2010.
Size
(estimated hectare)

Study Site, County
Camp Tiak Boy Scout Camp, Forrest

344

Chickasawhay Tortoise Area, Wayne

142

Dead Dog Bog State Area, Greene

97

Marion County Wildlife Management Area, Marion

2914

ACUB Gunthrie-Phillips, Forrest

113

Camp Shelby Joint Forces Training Center - Mars Hill, Perry

364

Camp Shelby Joint Forces Training Center - Site 7, Perry

42

Camp Shelby Joint Forces Training Center – T-44, Perry

708

Camp Shelby Joint Forces Training Center, Forrest

97

DeSoto National Forest, Forrest and Perry

153,189

Totals Across All Sites

158,010
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Table 2.3. Soil classifications reported by the U.S. Fish and Wildlife Service in order of
decreasing habitat quality for gopher tortoises (Gopherus polyphemus;
2009).

Priority Soils

Series
Lakeland
Alaga
Eustis
Wadley
Bigbee1

Class
Thermic, coated Typic Quartzipsamments
Thermic, coated Typic Quartzipsamments
Siliceous, thermic Psammentic Paleudults
Loamy, siliceous, subactive, thermic Grossarenic Paleudults
Thermic, coated Typic Quartzipsamments

Series
McLaurin
Benndale
Heidel
Bama
Smithdale
Ruston
Lucedale
Lucy
Shubuta1

Class
Coarse-loamy, siliceous, subactive, thermic Typic Paleudults
Coarse-loamy, siliceous, semiactive, thermic Typic Paleudults
Coarse-loamy, siliceous, subactive, thermic Typic Paleudults
Fine-loamy, siliceous, subactive, thermic Typic Paleudults
Fine-loamy, siliceous, subactive, thermic Typic Hapludults
Fine-loamy, siliceous, semiactive, thermic Typic Paleudults
Fine-loamy, siliceous, subactive, thermic Rhodic Paleudults
Loamy, kaolinitic, thermic Arenic Kandiudults
Fine, mixed, semiactive, thermic, Typic Paleudults

Series
Baxterville
Malbis
Poarch2
Saucier
Susquehanna
Boswell
Lorman
Freestone
Freest
Prentiss
Savannah
Basin2
Petal2

Class
Fine-loamy, siliceous, subactive, thermic Plinthic Paleudults
Fine-loamy, siliceous, subactive, thermic Plinthic Paleudults
Coarse-loamy, siliceous, semiactive, thermic Plinthic Paleudults
Fine-loamy, siliceous, subactive, thermic Plinthaquic Paleudults
Fine, smectic, thermic Vertic Paleudalfs
Fine, mixed, active, thermic, Vertic Paleudalfs
Fine, smetitic, thermic Chromic Vertic Hapludalfs
Fine-loamy, siliceous, semiactive, thermic Glossaquic Paleudalfs
Fine-loamy, siliceous, active, thermic Aquic Paleudalfs
Coarse-loamy, siliceous, semiactive, thermic Glossic Fragiudults
Fine-loamy, siliceous, semiactive, thermic Typic Fragiudults
Coarse-loamy, siliceous, semiactive, thermic Fragiaquic Paleudults
Fine-loamy, siliceous, active, thermic Aquic Paleudalfs

1

Suitable Soils

Marginal Soils

Provisional inclusion.
Some poarch soils may be considered suitable by the Service

2
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Table 2.4. Sampling intensity of pitfall and funnel trapping efforts to detect black pine
snakes, other herpetofauna, and small mammals on the 4 study sites used in the Gopher
tortoise (Gopherus polyphemus) and Black pine snake (Pituophis melanoleucus lodingi)
study in south Mississippi during 2010.
Total Trap Nights per Month a
Total number
of trap nights March
April
May
June
July
August
September
ACUB
84
7
13
12
14
14
12
12
Camp Tiak
84
7
13
12
14
14
12
12
Mars Hill
95
6
16
11
16
13
16
17
Site 7
95
6
16
11
16
13
16
17
a
All units are expressed as drift fence trap night, where one trap night equals all funnel (6) and pitfall (5)
being open for each array (4 drift fence arrays per study site, 4 study sites, totaling 16 drift fences arrays)
during a night. Total sampling intensity equals all the drift fence trap nights summed together. Numbers
listed under month categories represent how many drift fence trap nights occurred during each month, from
March through September 2010, in Forrest and Perry counties, Mississippi.
Study Area
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CHAPTER III
IMPORTED RED FIRE ANTS ON PUBLIC AND PRIVATE FORESTLANDS IN
SOUTH MISSISSIPPI

INTRODUCTION
Imported red fire ants (Solenopsis invicta) were introduced from South America
into North America in the mid-to late 1930’s through the port of Mobile, Alabama.
According to estimates in 1999, fire ant infestations totaled over 121 million hectares in
Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas and Puerto Rico (Wojcik et al. 2001). Fire ants have
been found using a variety of habitat types in the southeastern United States (Forys et al.
2002; Jetter et al. 2002). Agricultural lands including citrus, nursery, pasture/rangeland,
and vegetable crops, have been reported to support imported fire ants populations (Allen
et al. 1995; Jetter et al. 2002; Pedersen et al. 2003; Pereira 2003; King and Tschinkel
2006) Other habitats frequently infested by fire ants are pine uplands dominated by
longleaf pine and wiregrass (Aristida stricta), pine flatwoods (Tschinkel 1988; Epperson
and Heise 2003), house lawns (Plowes et al. 2007), and beaches and dune systems along
coasts of southern states (Allen et al. 2001). Fire ants also have been reported to utilize
non-native vegetative cover within certain habitat types (Tschinkel 1988).
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There are 2 types of fire ant populations in the southern United States based on
number of reproductive females. Monogyne fire ant nests have one egg-laying queen;
whereas, polygyne fire ant nests have multiple egg-laying queens (Allen et al. 1995).
Furthermore, mound density characteristics differ between the 2 types of populations,
with monogyne populations generally reaching ≤ 99 mounds/ha and polygyne
populations reaching > 198 mounds/ha (Allen et al. 1995). Mound densities of polygyne
fire ants may reach 10 times the mound densities of monogyne fire ants (Porter and
Savignano 1990).
Effects of fire ants have been reported for amphibians, birds, mammals, and
reptiles by many studies (Freed and Neitman 1988; Allen et al. 1994; Epperson and Heise
2003; Pedersen et al. 2003; Todd et al. 2008). Species respond differently to fire ants.
One study documented southeastern fence lizards (Sceloporus undulates) eliciting bodytwitching and fleeing response when individuals were attacked (Langkilde 2009).
Pedersen et al. (2003) noted that hispid cotton rats (Sigmodon hispidus) altered habitat
use in the presence of fire ants. Effects of fire ants on insects vary from reducing
arthropod abundance to extirpation of native ant species (Porter and Savignano 1990).
Fire ant effects on northern bobwhite (Colinus virginianus) involve egg predation and
hatchling mortality (Johnson 1961; Dewberry 1962). Allen et al. (1995) suggested that
northern bobwhite populations were declining in areas where fire ants were present. In
contrast, northern bobwhite populations were stable or increasing in areas where fire ants
were absent or reduced through treatment (Allen et al 1995). Johnson (1961) recorded a
6% mortality rate of northern bobwhite chicks and concluded fire ants had little impact.
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Mound densities in this study were 51 mounds/ha and were estimated prior to the
discovery of polygyne populations in the early 1970’s (Allen et al. 1995).
Because fire ants have severe detrimental effects on many species of animals,
special concern exists for the southeastern coastal plains due to a great number of
imperiled species indigenous to this region (Means 2006). According to Wojcik et al.
(2001), fire ant infestations can reduce food availability, influence home range size, and
decrease recruitment of many wildlife species. These issues are of significant importance
to ground- nesting wildlife species, especially those with declining or threatened
populations (Diemer 1986; Allen et al. 1994; Epperson and Heise 2003).
Increased fire ant infestations may impede population recovery of imperiled
reptiles, such as gopher tortoises (Gopherus polyphemus), black pine snakes (Pituophis
melanoleucus), eastern indigo snakes (Drymarchon couperi), and southern hognose
snakes (Heterodon simus; Mount 1981; Tuberville et al. 2000; Epperson and Heise 2003).
Because fire ants may prey opportunistically on hatchlings and eggs of many reptile
species, depredation may effect recruitment of young age classes into populations
(Landers et al. 1980; Mount 1981; Montgomery 1996; Epperson and Heise 2003).
Tuberville et al. (2000) suggested that fire ants could be a cause for decline in
southern hog-nosed snakes. Allen et al. (2001) examined effects of fire ant depredation
on eggs and hatchlings of freshwater turtles (i.e., Pseudemys nelsoni) and reported severe
impacts on eggs and survival of hatchlings. Negative impacts also have been reported for
sea turtle nests along Florida beaches (Wilmers et al. 1996; Moulis 1997; Parris et al.
2002). Fire ants depredate eggs and hatchlings of gopher tortoises and may cause over
25% mortality in hatchlings (Landers et al. 1980; Epperson and Heise 2003). Epperson
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and Heise (2003) reported that mortality rates reached 29% (n= 48 hatchlings) of tortoise
hatchlings in south Mississippi. This depredation combined with depredation by
mammals resulted in mortality of over 80% of hatchlings in the study (n= 48 hatchlings).
Control and monitoring may be most important prior to breeding seasons for vulnerable
wildlife and initiation of reproductive cycles of imported fire ants (Epperson and Heise
2003). For example, May through August were reported as the periods of concern related
to fire ant depredation due to fire ant brooding cycles and aggressive foraging activity
that occurred during nesting and hatchling emergence of other turtle species (Allen et al.
2001).
Infestation rates of fire ants are increasing across the landscape because imported
fire ants prefer to inhabit open, early successional habitats (Tschinkel 1988; Brennan
1991; Vinson 1997; Forbes et al. 2002; Forys et al. 2002; King and Tschinkel 2006; Todd
et al. 2008). Ditching, discing, and dirt moving operations make for easy transport of fire
ants to different areas (Allen et al. 1995; Forbes et al. 2002). Many investigations
indicated that fire ants are favored by disturbance, such as grazing, mowing, discing, and
prescribed burning (Allen et al. 1995; Forbes et al. 2002; Todd et al. 2008). Many forest
restoration and management activities conducted on sites include ground surface
disturbance and use of prescribed burning. Because these conservation activities promote
longleaf pine restoration, management should include consideration of fire ant
infestations and conditions under which they may spread (Browning et al. 2004; DeBerry
et al. 2008; Todd et al. 2008). Large scale fire ant infestations can be impossible to
control, so DeBerry et al. (2008) recommended monitoring and timely control of detected
mounds on areas where longleaf pine restoration is planned. Unfortunately, controlling
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fire ants with pesticides in areas occupied by gopher tortoises warrant special precautions
due to potential acute and chronic toxicities to tortoises. To date, application of
insecticides and insecticidal baits are not recommended at active gopher tortoise burrows
(Epperson and Heise 2003).
Many authors have reported impacts and colonization trends of fire ants (Allen et
al. 1994; Allen et al. 1995; Forbes et al. 2002; Holtcamp et al. 2010); however, few
investigations were reported in published literature on mound densities occurring in the
longleaf pine belt on private and public forestlands. Additionally, limited information
existed on fire ant mound densities within different forest types that supported active
burrows of gopher tortoises and areas that did not support active tortoise burrows. The
primary goal was to estimate mound densities of fire ants at active burrows of gopher
tortoises and locations without gopher tortoise burrows on private and public forestlands
in south Mississippi. The ecological and economic impact of fire ants and the potential
for increased infestation under various restoration practices makes this information
important for my study.

STUDY AREA
I conducted field experiments on 16 study sites located in the Lower Gulf Coastal
Plain of Mississippi. Public land bases used for the black pine snake trapping were
located in Forrest and Perry counties in south Mississippi. Other private and public land
bases used for the study were located in Forrest, Greene, Hancock, Lamar, Marion, Perry,
and Wayne counties in south Mississippi (Tables 3.1 and 3.2). Details on study site
locations and habitat descriptions can be found in Chapter II.
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METHODS

Fire Ant Mound Surveys
Field data was collected from April 2010 through September 2010. According to
King and Tschinkel (2006), fire ant mound densities can be estimated using 40 m x 40 m
study plot designs, which the authors note as adequate plot size to contain the territories
of 25-30 mature fire ant colonies. I used 40-m circular plots to estimate mound density
identified mounds by appearance. Fire ant mounds were “disturbed” (scraping the
mound top with my foot) and classified as active or inactive based on presence or
absence of fire ants at time of survey (total fire ant mound densities are being reported for
my thesis). Individual ants were not collected for identification through magnified
inspection in the field or laboratory. Descriptions reported by DeBerry et al. (2008) were
used to identify mounds constructed by imported red fire ants versus other native and
non-native ant species. I did not attempt to quantify subsurface tunnels in our
inventories.

Statistical Analyses

Mound Densities at burrow and non-burrow locations and in different habitat types
I compared mound densities among different forest types at active burrow
locations and non-burrow locations. Study sites (n = 16) were categorized according to
habitat type: pine regeneration ≤5 year of age, pine >5 year - ≤15 years of age, dense
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pine/hardwood >15 years of age, and pine >15 years of age. I used a one-way analysis of
variance (PROC GLM, SAS 9.2 2002) to determine if mean number of fire ant mounds
differed significantly among habitat types (Freund and Wilson 2003). All statistics were
considered significant at P ≤ 0.05. If significant results were found, the least-square
means procedure was used to determine multiple comparisons among forest types at
active burrow locations and non-burrow locations (Freund and Wilson 2003).

Differences among individual sites where black pine snakes were detected and not
detected
I used a one-way analysis of variance (PROC GLM, SAS 9.2 2002) to determine
if mean number of fire ant mounds differed significantly among sites where black pine
snakes were detected and sites where black pine snakes were not detected (Freund and
Wilson 2003). All tests were considered significant at P ≤ 0.05.
The following hypotheses were investigated:
1.

HO: Total fire ant mound densities within each of the 4 habitat types (pine
regeneration ≤5 years of age, pine >5 year - ≤15 years of age, dense
pine/hardwood >15 years of age, and pine >15 years of age) are similar in
burrow study sites and non-burrow study sites.
H1: Total fire ant mound densities within each of the 4 habitat types (pine
regeneration ≤5 years of age, pine >5 year - ≤15 years of age, dense
pine/hardwood >15 years of age, and pine >15 years of age) differs between
burrow study sites and non-burrow study sites.

2.

HO: Total fire ant mound densities are similar among individual sites where
black pine snakes were detected and sites where black pine snakes were not
detected.
H1: Total fire ant mound densities differ among individual sites where black
pine snakes were detected and sites where black pine snakes were not
detected.
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RESULTS

Fire Ant Mound Surveys
I monitored 382, 40-m diameter circular plots for fire ant mound densities with
148 sample points being monitored at active burrow locations and 234 sample points
monitored at non-burrow locations from July to September 2010. Fewer burrow sample
points were monitored due to the lack of gopher tortoises on at least 8 forest stands
(Tables 3.1 – 3.3). I detected no active burrows of gopher tortoises in these forest stands;
therefore, these areas had no active burrow sample points. Because I sought to quantify
mound densities of fire ants on lands that did not support tortoises as well as lands that
did support tortoises, I surveyed the stands without tortoise burrow presence and this
approach yielded a greater number of non-burrow locations than burrow locations in the
sample population.
Mound densities of fire ants ranged from 6.7 mounds/ha on closed canopy mixed
pine forests to 286.6 mounds/ha on open canopy longleaf pine forests under fire
management. Priority soil areas under fire management with open canopy longleaf
forests exhibited the greatest mound densities among study sites (Table 3.4). Mound
densities at active tortoise burrows ranged from 49.4 mounds/ha in mixed pine and pinehardwood forests with dense overstory canopies to over 197.7 mounds/ha in frequently
burned sandhill communities with open canopy longleaf pines and priority soils. Similar
trends were observed for mound densities at non-burrow locations with mound densities
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ranging from 12.3 mounds/ha on loblolly, mixed forest types to over 74.1 mounds/ha on
sandhill communities (Table 3.4).

Mound densities at burrow and non-burrow locations and in different habitat types
Total fire ant mound densities differed significantly among habitat types (F7,356 =
11.93, P <0.001). Mound densities at active burrow locations differed significantly from
non-burrow locations within the following habitat types: pine regeneration sites ≤5 years
of age (t(12, 44) = -3.37, P <0.001), pine >5 years - ≤15 years of age (t(4, 19) = -3.45, P
<0.001), and pine >15 years of age (t(105,109) = -5.00, P <0.001) (Table 3.5). Densities of
fire ant mounds were similar at active burrow locations and non-burrow locations in
dense pine/hardwood habitats (t(5, 58) = -1.79, P = 0.075; Tables 3.5).
Mound densities at active burrow locations on pine >5 - ≤15 years of age were
significantly greater than active burrow locations on dense pine/hardwood >15 years of
age (t(22, 26) = 0.04, P = 0.018) and pine >15 years of age (t(22, 26) = 0.04, P <0.001), but
when compared with other habitat types, they were similar (Table 3.5). Generally mound
densities at random non-burrow gopher tortoise locations were similar to each other,
except for pine >15 years of age which was significantly greater than dense
pine/hardwood >15 years of age (t(58, 109) = 3.23, P <0.001; Table 3.5). Typically, there
was significantly greater fire ant mound densities on active burrow locations on pine >5 –
≤15 years of age than any other habitat type, except for active burrow locations on pine
regeneration <5 years of age, in which these 2 were similar (t(4, 12) = -1.57, P = 0.118).
Random non-burrow locations on dense pine/hardwood >15 years of age typically had
significantly less fire ant mound densities than any other habitat vegetation point
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location, except for active gopher tortoise burrow locations on dense pine/hardwood >15
years of age (t(58, 5) = 1.79, P = 0.075), non-burrow locations on pine >5 – ≤15 years of
age (t(58, 19) = 1.86, P = 0.064), and non-burrow locations on pine regeneration <5 years of
age (t(58, 44) = 1.60, P = 0.110), in which they were all similar (Table 3.5, Figure 3.1).

Differences among individual sites where black pine snakes were detected and not
detected
Total fire ant mound densities differed significantly among study sites used for
black pine snake sampling (F3,86 = 6.98, P <0.001). Fire ant mound densities were
similar between Camp Tiak and Mars Hill (t(22, 26) = 0.04, P = 0.969), Camp Tiak and Site
7 (t(22, 24) = -1.40, P = 0.166), and Mars Hill and Site 7 (t(26, 24) = -1.49, P = 0.139). Mean
numbers of fire ant mounds per hectare were of 51.25 (± 6.39) mounds/ha on Camp Tiak,
50.78 (± 6.85) mounds/ha for Mars Hill, and 68.32 (± 12.81) mounds/ha on Site 7. Mean
density of fire ant mounds was 5.85 (± 5.85) mounds/ha on ACUB which was
significantly less than mean densities recorded on Camp Tiak (t(14, 22) = 3.23, P = 0.002),
Mars Hill (t(14, 26) = 3.30, P = 0.001), and Site 7 (t(14, 24) = 4.52, P <0.001).

DISCUSSION
My study confirmed that fire ant infestations were widespread across multiple
habitat types in south Mississippi. Habitat types were located on private and public land
bases and were under different forest management regimes (Dickson 2001).
Management techniques including activities such as reforestation and prescribed burning

41

that have been suggested and shown in some cases to favor fire ant colonization and
dispersal (Forbes et al. 2002; Todd et al. 2008).
Increased colonization densities have been noted in disturbed areas including
areas that were cut and replanted, mowed, and plowed (Tschinkel 1988; Vinson 1997;
King and Tschinkel 2006). Allen et al. (1995) suggested that soil and vegetation
disturbances from land management practices were likely to lead to increases in fire ant
populations. Tschinkel (1988), Allen et al. (1995), and King and Tschinkel (2006)
conducted research regarding disturbance in the role of fire ant distributions within
habitats. Disturbance through human activity has even been suggested as the primary
force behind fire ant distribution throughout the landscape (King and Tschinkel 2006).
Because Tschinkel (1988), Vinson (1997), and King and Tschinkel (2006) have all
reported fire ants as persisting or even benefitting from disturbance, southeastern forest
management techniques could have undesired consequences that include increased fire
ant mound densities on areas used for conservation or mitigation of imperiled species.
My findings suggested that management for open canopy habitats may produce
conditions under which greater mound densities exist in upland forests of south
Mississippi.
Disturbance, such as prescribed burning in areas occupied by gopher tortoises,
may create conditions which favor fire ant colonization compared to sites where
overstory canopy shades the soil surface and fire is not a disturbance factor (Williamson
et al. 2002). My results support these findings, because of the significantly greater
mound densities found in more open areas occupied by tortoises on pine regeneration ≤5
years of age, pine >5 - ≤15 years of age, and pine >15 years of age. Greater mound
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densities in these habitat types compared to fewer mound densities detected in closed
canopy conditions of dense mixed pine hardwood forests with limited fire history
suggested a linkage between fire ant infestations and sun light exposure, canopy
conditions, and fire disturbance. Furthermore, mound densities of >74.1 mounds/ha
occurred in many of my study areas which supported gopher tortoises, with the greatest
numbers occurring on priority soil sites where gopher tortoises were exhibiting evidence
of reproduction and recruitment of hatchlings. I submit that infestation conditions of this
level may be an impediment to survival of hatchlings. Fire ants depredate eggs and
hatchlings of gopher tortoises and may cause over 25% mortality in hatchlings (Landers
et al. 1980; Epperson and Heise 2003). With greater mound densities resulting in
potentially fewer numbers of female tortoises of reproductive age and lower hatchling
survival, population recovery may be impacted negatively (USFWS 1990; Epperson and
Heise 2003). These findings are of special concern due to the potential impact of fire
ants on isolated populations of gopher tortoises with low reproduction levels and on
gopher tortoises that have been relocated or protected on “Priority Soil” areas, such as
Dead Dog Bog (one of my study sites used for tortoise relocation efforts) or mitigation
banking areas.
Across habitat types, there were significantly greater mound densities on gopher
tortoise burrow areas (for 3 out of 4 habitat types) than random non-burrow areas.
Imperiled species, such as gopher tortoises and black pine snakes, are typically associated
with open canopy and are favored by prescribed fire (Duran and Givens 2001; Jones and
Dorr 2004; Hinderliter and Lee 2005). Management practices (e.g., prescribed fire) on
pine regeneration ≤5 years of age, pine >5 - ≤15 years of age, and pine >15 years of age
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study areas could have influenced mound densities where significantly greater numbers
were recorded on active burrow as compared to non-burrow locations. Lack of
management practices (dense stocking and no recent incidence of disturbance; e.g.,
prescribed fire or thinning) on dense pine/hardwood >15 years of age sites could have
influenced similarities in mound densities between active burrow and non-burrow
locations.
Fire ants have been speculated and shown to cause mortality in gopher tortoise
eggs and hatchlings (Diemer 1986; Allen et al. 1994; Epperson and Heise 2003; DeBerry
et al. 2008). But, limited information on fire ant mound densities and gopher tortoises
exist in the literature. Epperson and Heise (2003) recorded fire ants depredating gopher
tortoise nests in Mississippi and Wetterer and Moore (2005) noted fire ant occurrence in
soil aprons of gopher tortoise burrows along the edge and within the interior in a
residential greenway. Although mounds on active burrow locations from my study did
not always occur in the apron and depredation was not recorded from my study, mound
densities at active burrow locations were typically 2 times greater than densities at
random non-burrow locations. Based on my findings, I submit that fire ants are not
necessarily associated with gopher tortoises and their burrows, but that fire ants are
located closer to gopher tortoise burrows, because the habitat that gopher tortoises use is
more preferred by fire ant colonies for mound construction. The potential problem with
this condition is that areas managed for gopher tortoises (and many other “longleaf pine”
associated species) could in fact promote fire ant colonization (Allen et al. 1994).
Total fire ant mound densities varied significantly among sites where black pine
snakes were detected and not detected. Study sites where black pine snakes were
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detected had a history of fire management, exhibited open canopy conditions with
longleaf pine as the dominant overstory tree, and habitat conditions reported to facilitate
fire ant colony growth and expansion (Tschinkel 1988; Hinderliter and Lee 2005). Study
sites on which black pine snakes were not detected exhibited pine and mixed pine forests
of greater overstory and midstory coverage which has been reported as not conducive to
fire ant colonization (Tschinkel 1988).
Few studies have investigated effects of fire ants on snake species. However,
Mount (1981) and Tuberville et al. (2000) suggested that declines of snake species and
occurrence of fire ants could be related. My results indicated that black pine snakes were
found in areas with greater mound densities. Management techniques used on each site
or other factors including amount of stump holes, prey, soil type, understory vegetation or
overstory vegetation could be the explanation for detection and non-detection of black
pine snakes (Baxley 2007).
The economic impact of fire ants have been reported in excess of $1 billion
annually (Thompson et al. 1995). According to DeBerry et al. (2008), control will be
more difficult due to increasing infestations across the landscape. Infestations may limit
successful population recovery for rare imperiled reptiles regardless of financial and
personnel resources expended in habitat restoration and population augmentation.

MANAGEMENT IMPLICATIONS
I found greater fire ant mound densities on pine regeneration ≤5 years of age, pine
>5 year - ≤15 years of age, and pine >15 years of age study areas where gopher tortoises
occur. Because fire ants have been shown to cause deleterious effects on gopher tortoise
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nests and hatchlings (Diemer 1986; Allen et al. 1994; Epperson and Heise 2003; DeBerry
et al. 2008), areas with greater mound densities increase the chance of depredation of
gopher tortoise nests and hatchlings from fire ants. Other imperiled species that co-occur
within gopher tortoise areas have been declining, with the depredation by fire ants
implicated as part of this decline (Freed and Neitman 1988; Brennan 1991; Allen et al.
1995; Tuberville et al. 2000). Conservation practices used in the southeastern coastal
plain for these imperiled species and longleaf pine restoration may include plowing of
fire lanes, substrate disturbance for planting of trees, and prescribed burning. All of these
management practices may favor fire ants and lead to increases in mound densities across
the landscape (Allen et al. 1995; Forbes et al. 2002; Todd et al. 2008). If mound densities
are at levels I recorded in habitat types used in my study, which are indicative of public
and private land bases found on suitable and priority gopher tortoise soils in the
southeast, then areas being considered for mitigation for gopher tortoises could also
harbor greater mound densities. Because large scale infestations are almost impossible to
control, monitoring and timely control on detected mounds should be the first step in fire
ant control and is essential on areas where imperiled species management or habitat
restoration is planned (DeBerry et al. 2008).
Various types of fire ant control agents exist, some more environmentally
damaging or costlier than others. Hot water boilers can be purchased and used on ant
mounds to kill whole colonies (Sullivan 2003; King and Tschinkel 2006). This method is
non-toxic and less costly than other methods but can result in dead grass and soil
sterilization. Pesticides are another viable option and they are readily available for fire
ant control, but are often expensive and meant for use over greater acreages (Wojcik et al.
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2001). Unfortunately, they may only provide temporary control (up to one year) for fire
ants and deleterious effects have been noted on some species, including gopher tortoises
(Williams et al. 2003). Another option currently being investigated is introduction of
non-native organisms into the U. S. as biological control agents for fire ants (Williams et
al. 2003). Fire ant mound reduction using biological and chemical control in the
southeastern United States has shown promising results, but more research on fire ant
control is desperately needed to combat this invasive ant species (Pereira 2003; Oi et al.
2008).
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88

Suitable

Suitable

Suitable

Suitable/Priority

Suitable

Suitable/Priority

Dominant Soil Category
for Gopher Tortoisesb

Each sample point included a center point with a 40 m diameter – all fire ant mounds were counted within this circular plot at each sample point.
b
Priority soils for tortoises include deep sands of > 1 m in depth in sandhill community types; Suitable soils include soils with a greater quantity of clay and loam intermixed with sands and
are typical of longleaf pine –grassland ecosystems. Marginal soils exhibit higher clay and less sand contents and represent poor burrowing and nesting conditions for gopher tortoises. All
soils included in Priority, Suitable, and Marginal Categories are defined by U.S. Fish and Wildlife Service (1990).

a

6

Early Successional Habitat: Field or Pipeline Right-of- Way

53

6

Planted Longleaf Pine (> 15 years) hickory/hardwood understory

Total Sample Points on All Sites

13

15

15

15

10

3

12

6

29

0

0

Planted Longleaf Pine (>15 years)

Yes

No

No

Planted Loblolly Pine (> 15 years)

Longleaf Pine Regeneration (< 5 years)

Wr. Property

Planted Loblolly Pine (> 15 years)

Y. Property

V. H. Property
Loblolly Pine Regeneration
(< 5 years)

Natural Longleaf Pine
(> 15 years, uneven age classes)

17

10

5
2

Brown. Property

Yes

10

Non- Burrow
Number of Points

4

3

5

Active Burrow
Number of Points

Sample Points for Fire Ant Mound Countsa

Road Right-of-way and food plot

19

6

Total No. Active
Tortoise Burrows

1

Yes

Yes

Tortoises
Present?

Mixed Pine/Hardwood

Brk. Property
Mixed Loblolly, Longleaf Pine
(< 5 years)
Natural Longleaf Pine
(> 15 years, uneven age classes)
Planted Longleaf Pine
(> 5 – < 15 years)

Planted Longleaf Pine (< 5 years)

Bx. Property

Study Sites
Forest Stand Type

Table 3.1. Sampling intensity within habitat types listed according to study sites on private lands for estimation of mound
densities of imported fire ants (Solenopsis invicta) in south Mississippi during summer 2010.

54

6

16

15

15

Mixed Pine-Hardwood (> 15 years)

Yes

3
3

3

DeSoto National Forest

Natural Longleaf Pine

37
12

Yes

15

Mixed Pine-Hardwood, Scrub Oak

Dead Dog Bog State Area

Early Successional Habitats: Fields, Rights-of-Way
Chickasawhay National Forest Tortoise Area
Mixed Longleaf Pine-Scrub Oak –
Sandhill Communities (> 15 years)

14

15

11

3
8

15

10

12

Suitable

Priority/Suitable

Priority/Suitable

Suitable

Suitable

Suitable

Suitable/Priority

Suitable

Suitable

Dominant Soil Category
for Gopher Tortoisesb

b

Each sample point included a center point with a 40 m diameter – all fire ant mounds were counted within this circular plot at each sample point.
Priority soils for tortoises include deep sands of > 1 m in depth in sandhill community types; Suitable soils include soils with a greater quantity of clay and loam intermixed with sands and
are typical of longleaf pine –grassland ecosystems. Marginal soils exhibit higher clay and less sand contents and represent poor burrowing and nesting conditions for gopher tortoises. All
soils included in Priority, Suitable, and Marginal Categories are defined by U.S. Fish and Wildlife Service (1990).

a

2

6

33

12

15

16

12

Mixed Loblolly, Longleaf Pine (> 15 years)
Yes

Yes

Yes

Yes

Yes

Planted Longleaf Pine (> 15 years)

Natural Longleaf Pine (> 15 years)

Camp Tiak Boy Scout Camp

Natural Longleaf Pine (> 15 years, uneven ages )

CSJFTC - T-44

Natural Longleaf Pine (> 15 years, Uneven ages)

CSJFTC - Site 7

Natural Longleaf Pine (> 15 years, uneven ages)

CSJFTC – Mars Hill

Early Successional Habitats: Fields, Rights-of-Way

10

15

Sample Points for Fire Ant Mound Countsa
Active Burrow
Active Burrow
Number of Points
Number of Points

Natural Longleaf Pine (> 5 – 8 years)

2

0

Total No. Active
Tortoise Burrows

5

Yes

No

Tortoises
Present?

Regeneration Loblolly Pine (< 5 years)

Camp Shelby Joint Forces Training Center (CSJFTC)

Planted Loblolly Pine//Hardwoods (> 15 years)

ACUB/Gunthrie-Phillips

Study Sites
Forest Stand Type

Table 3.2. Sampling intensity within habitat types listed according to study sites on public lands for estimation of mound
densities of imported fire ants (Solenopsis invicta) in south Mississippi during summer 2010.
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Total Sample Points on All Sites

Yes

Tortoises
Present?
40

Total No. Active
Tortoise Burrows

95

15
146

15

Sample Points for Fire Ant Mound Countsa
Active Burrow
Active Burrow Number
Number of Points
of Points

Suitable

Dominant Soil Category for
Gopher Tortoisesb

Habitat type
Burrow vs. Non
DensePine/Hardwood >15 years of age
Non-burrow DensePine/Hardwood >15 years of age
Pine>5-≤15 years of age
Non-burrow Pine>5-≤15 years of age
Pine>15 years of age
Non-burrow Pine>15 years of age
PineRegeneration<5 years of age
Non-burrow PineRegeneration<5 years of age

Range of Total Number
Fire Ant Mounds
1 - 39
0 - 16
12 - 33
0 - 18
1 - 25
0 - 13
0 - 81
0 - 45

Total Number
Sample Points
6
59
5
20
106
110
13
45

LS
Means
8.833
1.610
22.400
6.150
12.934
6.518
14.615
4.600

Std.
Error
3.544
0.372
3.641
1.261
1.391
0.638
4.034
0.704

Table 3.3. LS Means for total fire ant (Solenopsis invicta) mound densities by habitat type from the gopher tortoise
(Gopherus polyphemus) and black pine snake (Pituophis melanoleucus lodingi) study located in south Mississippi,
2010.

Each sample point included a center point with a 40 m diameter – all fire ant mounds were counted within this circular plot at each sample point.
b
Priority soils for tortoises include deep sands of > 1 m in depth in sandhill community types; Suitable soils include soils with a greater quantity of clay and loam intermixed with sands and
are typical of longleaf pine –grassland ecosystems. Marginal soils exhibit higher clay and less sand contents and represent poor burrowing and nesting conditions for gopher tortoises. All
soils included in Priority, Suitable, and Marginal Categories are defined by U.S. Fish and Wildlife Service (1990).

a

Natural Longleaf Pine (> 15 years )

Marion County Wildlife Management Area

Study Sites
Forest Stand Type

Table 3.2. (Continued).
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131

16.40 (+ 4.18)
7.36 (+ 1.63)
9.64 (+ 2.62)

Planted Longleaf Pine (>5 - <15 yrs) (Suitable Soils)

Planted and Natural Longleaf Pine (>15 yrs) under Fire
Management (Suitable Soils)

Early Successional Habitats Fields, Pipelines, and Food Plots
(Suitable Soils)

79

59

No sample points established
in this habitat typeb.

6.17 (+ 1.54)

9.20 (+ 1.88)

12.82 (+ 4.00)

3.07 (+ 1.15)

1.65 (+ 0.73)

1.95 (+ 0.77)

4.36 (+ 1.03)

Mound density /40 m diameter circular plot
Mean Number (+ Standard Error)

Non-Burrow Locations

47

72

104

25

15

15

35

Mound
Density/
Hectare

Priority soils for tortoises include deep sands of > 1 m depth in sandhill community types; Suitable soils include soils with a greater quantity of clay and loam intermixed with sands and are
typical of longleaf pine –grassland ecosystems. Marginal soils exhibit higher clay and less sand contents and represent poor burrowing and nesting conditions for gopher tortoises. All soils
included in Priority, Suitable, and Marginal Categories are defined by USFWS (1990).
b
Active burrows were detected in early successional habitats of forest regeneration and forest habitat types and sample points were established at detected burrows; however, early
successional habitat listed in the table were not investigated habitat types in the study design; therefore, non-burrow locations were not sampled in these habitat types.

a

175

22.26 (+ 3.77)

Sandhill Communities Longleaf Pine and Scrub Oak
(>15yrs) under Fire Management (Priority Soils)

99

12.33 (+ 6.96)

Mixed Longleaf-Loblolly Pine Forests in Sandhills (>15yrs),
Limited to No Fire Management (Priority Soils)

42

119

Mound
Density/
Hectare

5.33 (+ 1.45)

No active burrows detected
in this habitat type.

14.84 (+ 3.57)

Mound density/40 m diameter circular plot
Mean (+ Standard Error)

Active Burrow Locations

Mixed Loblolly-Longleaf Pine, Hardwood Forests
w/Midstory (>15 yrs)
Limited to No Fire Management (Suitable)

Dense, Planted Loblolly Pine (>15yrs) Limited to No Fire
Management
(Suitable Soils)

Regeneration Areas: Longleaf, Loblolly Mixed Pine (<5 yrs),
No Fire Management (Suitable Soils)

Forest Stand or Habitat Types (Age Classes)
Fire Management History
[Soil Category for Tortoises
(Gopherus polyphemus)]a

Table 3.4. Average number of mounds of imported fire ants (Solenopsis invicta) detected in 40 m diameter circular plots and
number of mounds/acre at active tortoise burrows and non-burrow locations on private and public lands in south
Mississippi during summer 2010.
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-1.79
5, 58
0.075
2.38d
5, 4d
0.018d
-0.61
5, 19
0.5413
1.04
5, 105
0.3007
-0.59
5, 109
0.5585
1.24
5, 12
0.2149
-1.03
5, 44
0.3023

---

4.73d
58, 4d
<0.001d
1.86
58, 19
0.064
7.39d
58, 105d
<0.001d
3.23d
58, 109d
<0.001d
4.50d
58, 12d
<0.001d
1.60
58, 44
0.110
-3.45d
4, 19d
<0.001d
-2.19d
4, 105d
0.030d
-3.68d
4, 109d
<0.001d
-1.57
4, 12
0.118
-4.00d
4, 44d
<0.001d

---

2.95d
19, 105d
0.003d
0.16
19, 109
0.873
2.52d
19, 12d
0.012d
-0.61
19, 44
0.541

---

0.61
19, 5
0.541
-1.86
19, 58
0.064
3.45d
19, 4d
<.0001d

-2.38d
4, 5d
0.018d
-4.73d
4, 58d
<0.0001d

1.79
58, 5
0.075
---

Non-burrow
Pine>5-≤15
years of age

Burrow
Pine >5-≤15
years of age

Non-burrow DensePine/
Hardwood
>15 years of age

-5.00d
105, 109d
<0.001d
0.61
105, 12
0.544
-4.97d
105, 44d
<0.001d

---

-1.04
105, 5
0.301
-7.39d
105, 58d
<0.001d
2.19d
105, 4d
0.029d
-2.95d
105, 19d
0.003d

Burrow
Pine >15
years of age

b

F-values are listed as the top set of number listed in the groups of numbers in the table.
Degrees of freedom are listed as the second set of numbers listed in the groups of numbers in the table.
c
P-values are listed as the third set of numbers in the groups of numbers in the table.
d
Bolded numbers are significant values.

a

Non-burrow Pine
Regeneration<5 years of age

Burrow Pine
Regeneration <5 years of age

Non-burrow Pine
>15 years of age

Burrow Pine
>15 years of age

Non-burrow Pine
>5-≤15 years of age

Burrow Pine
>5-≤15 years of age

Non-burrow DensePine/
Hardwood >15 years of age

Burrow DensePine/
Hardwood >15 years of age

Burrow
DensePine/
Hardwood
>15 years of age

2.93d
109, 12d
0.004d
-1.15
109, 44
0.251

---

0.59
109, 5
0.559
-3.23d
109, 58d
0.001d
3.68d
109, 4d
<0.001d
-0.16
109, 19
0.873
5.00d
109, 105d
<0.001d

Non-burrow
Pine >15
years of age

-3.73d
12, 44d
<0.001d

---

-1.24
12, 5
0.215
-4.50d
12, 58d
<0.001d
1.57
12, 4
0.118
-2.52d
12, 19d
0.012d
-0.61
12, 105
0.544
-2.93d
12, 109d
0.004d

Burrow
Pine Regeneration
<5 years of age

---

1.03
44, 5
0.302
-1.60
44, 58
0.110
4.00d
44, 4d
<0.001d
0.61
44, 19
0.541
4.97d
44, 105d
<0.001d
1.15
44, 109
0.251
3.37d
44, 12d
<0.001d

Non-burrow
Pine Regeneration
<5 years of age

Table 3.5. F-valuesa, degrees of freedomb, and P-valuesc for LS Means for total fire ant (Solenopsis invicta) mound density on
gopher tortoise (Gopherus polyphemus) burrow and non-burrow points from four habitat types from the gopher
tortoise and black pine snake (Pituophis melanoleucus lodingi) study located in south Mississippi, 2010.
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DensePine/Hardwood
>15 years of age

Pine >5-≤15 years of
age

Pine >15 years of age

PineRegeneration <5
years of age

Figure 3.1. Mean number of mounds of imported fire ants (Solenopsis invicta) detected in 40 m diameter circular plots at active tortoise burrows (gray
coloration) and non-burrow (diagonal line pattern) locations on private and public lands in south Mississippi during summer 2010.
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CHAPTER IV
ASSESSMENT OF FOUR HABITATS FOR BLACK PINE SNAKE OCCUPANCY
INTRODUCTION
The longleaf pine (Pinus palustris) ecosystem once covered 37 million hectares of
the southern gulf coastal plain. In 2000, Frost (2006) estimated that just over 1 million
ha, approximately 3%, remained due to agriculture, pine plantations, reduction in
prescribed fire, and urban development. This habitat is biologically important, because
of the many flora and fauna that occur in it. Guyer and Bailey (1993) reported that
longleaf pine habitat is inhabited by 72 amphibian and reptile species, with one-third of
this number being endemic to this habitat and referred to as longleaf pine specialists.
Populations of many species that depend on longleaf pine ecosystems have exhibited
declines and are under consideration for listing or are currently protected under the
Endangered Species Act (Auffenberg and Franz 1982; Hyslop 2007). One snake species
that is currently under consideration for listing by the U.S. Fish and Wildlife Service is
the black pine snake (Pituophis melanoleucus lodingi; USFWS 2010).
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Biology of Black Pine Snakes

Species Description
Black pine snakes are non-venomous snakes that reach lengths of 121.9 to 152.4
cm with a record length of 193.0 cm. Adult black pine snakes are melanistic in color,
ranging from brown to black (Conant and Collins 1998). Young black pine snakes
exhibit lighter colors than adults and often show signs of dark blotches instead of solid
coloration (Gibbons and Dorcas 2005).

Food Habits
Pine snakes consume rodents, birds, bird eggs, and young pine snakes may prey
on lizards. Small mammals, especially rodents, comprise over 70% of prey eaten by pine
snakes (Rodriguez-Robles 2002); however, preferred prey may vary within different
regions of the range. Rodents, such as cotton rats (Sigmodon hispidus) and mice
(Peromyscus spp.), are primary prey animals for pine snakes in Alabama, Mississippi,
and Louisiana (Baxley 2007). In Florida, pocket gophers (Geomyidea: Geomys spp.) are
primary prey of Florida pine snakes (Burt and Grossenheider 1980; Himes 2000; Franz
2001).

Habitat Use
Black pine snakes are longleaf pine specialists that range from extreme eastern
Louisiana, through southern Mississippi, and over to southwestern Alabama (Conant and
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Collins 1998). They inhabit different habitat types within the longleaf pine forest system,
including longleaf pine grasslands, sandhill habitats, and ecotones between upland
communities and wetlands, such as pitcher plant savannas. Black pine snakes have been
reported to occur in mature longleaf pine forests with loose, sandy soils, open overstory
and midstory canopies, and dense herbaceous ground cover (Hinderliter and Lee 2005).
Black pine snakes have also been reported to avoid forests dominated by heavy canopy
closure (Duran 1998).
Abundance of prey may influence habitat use by black pine snakes, and seasonal
habitat use may be influenced by habitat use patterns of their prey (Heard et al. 2004).
Habitat conditions, such as abundant herbaceous food plants interspersed with downed
logs and some thicket cover, can support high populations of rodents, including cotton
rats (Dickson 2001). Habitat management practices, such as prescribed burning, that
enhance habitat conditions for small mammal prey could be expected to influence food
abundance for black pine snakes. Implementation of these practices could influence
habitat use and home range size. For example, core home ranges occupied frequently by
black pine snakes in south Mississippi had greater numbers of small mammal prey than
less frequently utilized areas along home range edges (Baxley 2007).
Increased knowledge concerning the spatial requirements and important habitat
features are still lacking for black pine snakes; however, several studies report large home
range sizes of over 70.8 ha. Baxley (2007) estimated home range sizes from 90.9 - 395.8
ha in south Mississippi, which was larger than an average home range size of about 34.4
ha reported for black pine snakes on Camp Shelby Joint Forces Training Center (Army
National Guard training facility, DeSoto National Forest; The Nature Conservancy;
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Duran 1998). Similar sizes of home ranges were reported for northern black pine snakes
ranging from 15.0 to 184.9 ha (Gerald et al. 2006a). Because black pine snakes require
large home ranges, increases in suitable habitat could benefit this rare reptile. Private
lands enrolled in conservation programs that restore longleaf pine and sandhill habitats
could play an important role in increasing the amount of available habitat and connecting
suitable habitats through creation of corridors (USFWS 2010).
Availability of underground refugia is an important habitat feature to black pine
snakes because these snakes may spend over 60% of their time underground. In south
Mississippi, black pine snakes were located above ground about 30% of the time with
most above-ground activity occurring from April through December (Baxley 2007).
Underground cover provides these snakes with places to spend winter dormancy periods,
as well as loafing areas where snakes can safely digest food items, escape cover from
predators, extreme weather conditions, and catastrophic disturbance, such as hurricanes
and intense fires (Means 2005).
In the western portion of the range, black pine snakes are often reported to use
stump holes. In a recent study, Baxley (2007; Rudolph et al 2007) reported that stump
holes were the primary underground refugia used by radio-tracked, black pine snakes in
south Mississippi. Other studies have reported pine snakes, as well as eastern indigo
snakes, using stump holes for underground refugia (Gerald 2006b; Dodd and Barichivich
2007). In Florida, burrows of pocket gopher tunnels are frequently used by Florida pine
snakes with some use of gopher tortoise burrows being reported (Himes 2000; Franz
2001). Based on a recent study, black pine snakes were not shown to use gopher tortoise
burrows as underground refugia (Baxley 2007).
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The black pine snake is under consideration for federal listing as a threatened
species by the U.S. Fish and Wildlife Service due to regional population declines and
continued threats of habitat loss and degradation (USFWS 2010). Therefore, proactive
management and restoration programs that seek to restore longleaf pine forests and
sandhill habitats could limit future population declines and advance population recovery.
Because private lands comprise at least 60% of the habitat in most Coastal Plain states,
they play an important role in landscape-level recovery efforts for the black pine snake
and other imperiled species indigenous to the longleaf pine-grassland and sandhill
ecosystems.
Habitat restoration and management that focuses on longleaf pine and sandhill
communities are essential for long term recovery of wildlife with declining populations,
including black pine snakes, gopher tortoises, and selected species of grassland birds. If
landscape level conservation is desired, public and private lands should be considered for
ecosystem restoration and management. Habitat restoration and management support for
private lands exists through federal, state, and organizational programs. Conservation
programs sponsored through the USDA Natural Resources Conservation Service (NRCS)
and USFWS have prioritized restoration of longleaf pine communities in recent years
(USDA 2011). This effort could potentially enhance habitat quality and quantity for
species, such as black pine snakes, on privately owned lands in the Lower Gulf Coastal
Plain of the Southeast. Furthermore, enrollment of private lands in conservation
programs that seek to restore longleaf pine communities can create habitat corridors for
movement and dispersal of indigenous wildlife species. This effect could be especially
cumulative if enrolled private lands are located near or adjacent to areas of known
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population sources of imperiled species. Corridors of restored or managed private lands
that are interconnected with one another, or are close to restored habitats of public lands
may reduce impacts of habitat fragmentation and loss and foster genetic exchange
between geographically isolated populations of imperiled species (Tewksbury et al. 2002;
Dixo and Metzger 2009).
Currently, little information is available on habitat conditions that exist for black
pine snakes on many private land bases under different forest management regimes. This
study was designed to identify and evaluate habitats (private and public lands) that
support black pine snake populations in south Mississippi in terms of landscape position
and edaphic conditions for identification of connective habitat corridors on which to
prioritize longleaf pine restoration. I conducted soil, vegetation, and woody debris
assessments in habitats known to support black pine snakes and measured these
characteristics on other forestlands to assess the potential for these lands to support black
pine snakes. This information could assist natural resource managers in developing
forest restoration plans for enhancement of black pine snake habitat on private lands.

STUDY AREA
I conducted field experiments on 4 study sites located in the Lower Gulf Coastal
Plain of Mississippi. Public land bases used for the black pine snake trapping were
located in Forrest and Perry counties in south Mississippi. Details on study site locations
and habitat descriptions can be found in Chapter II.
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METHODS

Field Methods
Field data were collected from April 2010 through September 2010. A
combination of study methods were used to investigate faunal and vegetation
communities. Line intercept, strip quadrat, and circular plot methods described in
Chapter II were used to estimate forest stand conditions, percent coverage of vegetation,
bare ground, leaf litter, and woody debris, number of stump holes and downed logs, and
densities of fire ant mounds.

Habitat Evaluation
Experimental design and establishment of habitat survey transects and plots are
described in detail in Chapter II. I surveyed 90 vegetation transects on 4 black pine snake
study sites (ACUB, Camp Tiak, Mars Hill, and Site 7). Transects were disaggregated
according to sample points and located at active burrows of gopher tortoises and random
non-burrow points. Transect numbers at burrow and non-burrow locations were as
follows: 15 non-burrow points on ACUB, 8 burrow points and 15 non-burrow points on
Camp Tiak, 12 burrow points and 15 non-burrow points on Mars Hill, and 10 burrow
points and 15 non-burrow points on Site 7. In total, I recorded vegetation transects on 30
active gopher tortoise burrows and 60 random locations that lacked tortoise burrows.
Eighty of these transects (88%) were located on suitable soils for gopher tortoises. Only
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non-burrow sample points were surveyed at ACUB, because this property did not exhibit
occurrence of gopher tortoises.
Mars Hill and Site 7 of CSJFTC were monitored by Nature Conservancy
researchers and ACUB and Camp Tiak were monitored by Mississippi State researchers,
which resulted in differences in trapping period and trap nights among 4 study sites.
Drift fence arrays, including funnel and pitfall traps located on Mars Hill and Site 7 at
CSJRTC were opened simultaneously for 27 trap periods that were between 2 to 4 days
long (99 days total) and produced 8,492 trap days (Site 7 was open for 3 more days than
Mars Hill). Drift fence arrays, including funnel and pitfall traps located on Camp Tiak
and ACUB were opened simultaneously for 21 trap periods that were 4 days long (84
days total) and produced 7,392 trap days (Table 2.4).

Statistical Analyses
Sampling effort varied by site due to an unequal number of burrow and random
non-burrow vegetation points and management practices (e.g., prescribed burning; Table
3.2). Vegetation measurements from 20-m line transects were originally collected as
count data, then occurrence along the 20-m line was standardized into averages for each
vegetation variable at each height class to adjust for sampling biases among sites.
The following hypotheses were investigated:
1. HO: Habitat characteristics and vegetation communities did not differ between
areas on which black pine snakes were detected on and areas where black pine
snakes were not detected.
H1: Habitat characteristics and vegetation communities did differ between areas
on which black pine snakes were detected and areas where black pine snakes
were not detected.
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For modeling analyses, I used vegetation point as the experimental unit yielding
an experimental sample size of 40. Faunal response variables included detection or nondetection of black pine snakes on study sites. Eleven vegetation and habitat variables
were included in analyses that were averaged or summed by site based upon vegetation
data collected during summer 2010 (Myers 1990; Table 4.1).
Determination of potential relationships between habitat conditions and detection
or non-detection of black pine snake was a multiple-step process. I used data reduction
techniques to eliminate environmental variables exhibiting little variance among study
sites and variables that were related (Myers 1990; Fogarty 2005). First, variables were
examined for collinearity using Pearson correlation coefficients which evaluated
relationships among explanatory variables (Myers 1990). If 2 variables had a coefficient
>0.7, each of the variables was evaluated as candidates for exclusion from the data set
used in model development. Based upon current knowledge and literature, the variable
with the greatest biological significance for black pine snake requirements was retained
for inclusion in the final regression analysis. Next, I used Principal Components
Analysis (PCA) to reduce the habitat data set to a smaller number of variables that
limited amount of redundancy among variables and represented most of the variation in
habitat characteristics among study sites using PROC PRINCOMP (SAS 9.2; Johnson
1998; McCune and Grace 2002). PCA is a basic eigenvector analysis that requires one
data matrix, in this case, habitat variables by vegetation points, and determines which
variables contribute most to the overall variance of the data set relative to one another
(Fogarty 2005). Each component that is extracted is represented by an eigenvalue that
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represents amount of variance accounted for by a given component. Every variable then
has a loading on each axis indicating its significance within each principal component
with the square of the loading equaling the percentage of variation in the variable
explained by that axis (McGarigal et al. 2000). Significant axes were determined by
Kaiser’s criterion where components with an eigenvalue >1.0 were retained and
interpreted (Hatcher 1994; McCune and Grace 2002; Edwards 2009). Within each
component, variables with eigenvector loadings >0.3 and <-0.3 were considered
meaningful. This method allowed for the selection of variables that represented
approximately 10% of the variance explained by that axis (Hair et al. 1987; McGarigal et
al. 2000).
I used stepwise logistic regression using PROC LOGISTIC (SAS 9.2) to evaluate
potential relationships among explanatory habitat variables and detection or lack of
detection of black pine snakes on study sites (Myers 1990). The independent response
variable was binary indicating detection of black pine snakes or non-detection of black
pine snakes. The full model tested included the following explanatory variables: percent
coverage of herbaceous vegetation ≤0.3 m in height (LowHerb), percent coverage of
woody vegetation ≤0.3 m in height (LowWoody), percent coverage of herbaceous
vegetation >0.3 m - ≤1.0 m in height (MidHerb), percent coverage of woody vegetation
>0.3 m - ≤1.0 m in height woody vegetation (MidWoody), percent coverage of woody
vegetation >1.0 m in height (HighWoody), total basal area (BasalArea), overstory canopy
cover (Overstory), total number of stump holes (Stumphole), total number of downed log
size class > 30.5 cm dbh (DownLog), and size class > 30.5 cm dbh of stumps (Stump;
Table 4.2). The Hosmer-Lemeshow test of goodness-of-fit was performed to test for lack
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of fit of the model (Cody and Smith 2006). My complete stepwise regression model had
the following form: Logit (p) = a + B1 (LowHerb) + B2 (LowWoody) + B3 (MidHerb) +
B4 (MidWoody) + B5 (HighWoody) + B6 (BasalArea) + B7 (Overstory) + B8 (Stumphole)
+ B9 (DownLog) + B10 (Stump). Where: Logit (p) = probability of detection of black pine
snakes, a = intercept, and Bi = parameter estimate. The resulting model was tested by
cross-validation methods to estimate accuracy (SAS 2002).

RESULTS
Trapping yielded 12 black pine snakes on Mars Hill and Site 7 of CSJFTC with
no captures of black pine snakes occurring on Camp Tiak and ACUB study sites (Table
4.2). Logistic regression analysis revealed that 3 explanatory variables were related to
the detection of black pine snakes. Black pine snakes were associated positively with
greater percent coverage of woody vegetation ≤0.3 m in height (χ2 = 6.9, df = 1, P ≤
0.001; Table 4.3). Black pine snake detection was associated negatively with greater
percent coverage of woody vegetation of >0.3 m - ≤1.0 m in height (χ2 = 6.1, df = 1, P =
0.014) and stump holes (χ2 = 6.0, df = 1, P = 0.015; Table 4.3). The model was
significant at P ≤ 0.001 (χ2 = 28.4, df = 9) for predicting the detection of black pine
snakes. Within-model cross-validation correctly predicted the detection or non-detection
of black pine snakes for 94% (n = 37) of the observed outcomes. The reduced logistic
model for detection of black pine snake was as follows: Logit (detection of black pine
snake) = 1.6266 + 7.0975 [LowWoody] – 5.0655 (MidWoody) – 0.5526 [Stumphole].
The logistic model R2 value was 0.71.
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Woody vegetation ≤0.3 m in height
Detection of black pine snakes was associated positively with coverage of woody
vegetation ≤0.3 m in height (Table 4.3 and 4.4). Woody vegetation for all 4 of the black
pine snake sites was composed of shrubs, trees, and vines. On Mars Hill and Site 7 of
CSJFTC, more shrub and vine species were recorded in the ≤0.3 m in height woody
vegetation than on ACUB and Camp Tiak. These woody plants included low growing,
fruit-producing shrubs, such as Gaylussacia dumosa (dwarf huckleberry), and Vaccinium
myrsinites (evergreen blueberry; Miller and Miller 2003). Dominant woody vine species
included Smilax pumila (sarsaparilla vine), Vitis rotundifolia (muscadine grape), and
Toxicodendron pubescens (poison oak; Miller and Miller 2003). Species richness of
woody plants was less on the 2 study sites where black pine snakes were not detected.
Dominant woody species in this size class on Camp Tiak were Gaylussacia dumosa
(dwarf huckleberry), Ilex vomitoria (yaupon), and Rubus spp. (blackberry); whereas,
woody species composition on ACUB was comprised primarily of Ilex glabra (gallberry)
and Gelsemium sempervirens (yellow jessamine; Miller and Miller 2003; Table 4.5).

Woody vegetation >0.3 m - ≤1.0 m in height
Detection of black pine snakes was associated negatively with percent coverage
of woody vegetation of >0.3 m - ≤1.0 m in height (Table 4.3 and 4.4). Percent coverage
of woody vegetation at this height regime consisted of shrub, tree, and vine species;
however, composition of these plants varied across study sites. On Mars Hill and Site 7
of CSJFTC, percent coverage of shrub and trees was less than on ACUB and Camp Tiak
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(Table 4.6). The shrub species, Ilex glabra and Ilex vomitoria were the dominant shrub
species on all study sites, but percent coverage of these species was greatest on ACUB
and Camp Tiak (Table 4.6). Species composition of dominant trees also varied between
sites with the greatest percent coverage of trees being recorded on ACUB and Camp
Tiak. Species found on ACUB and Camp Tiak included Acer rubrum, Liquidambar
styraciflua, Quercus nigra, and Symplocos tinctoria, whereas, Mars Hill and Site 7
supported greater coverage of scrub oaks species, Quercus incana and Q. laevis (Table
4.6).

Stump holes
There were significantly more stump holes on ACUB and Camp Tiak compared
with Mars Hill and Site 7 (Table 4.3). Except for Camp Tiak, densities of stump holes
were similar among other study sites (Table 4.4). Total number of stump holes on Camp
Tiak were greater than the other non-black pine snake area ACUB, and greater than the 2
areas where black pine snakes were detected, Mars Hill and Site 7 (Table 4.4).

DISCUSSION
In my study, logistic regression analyses indicated that 3 habitat characteristics
influenced occurrence and detection of black pine snakes on 4 study sites in south
Mississippi. Black pine snakes occurred in areas with greater coverage of total woody
vegetation ≤0.3 m in height. However, black pine snake occurrence and detection was
associated negatively to percent coverage of woody vegetation of >0.3 m - ≤1.0 m in
height and greater number of stump holes. Baxley (2007) found black pine snakes in
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areas with less canopy cover, and less forbs, litter, and bare soil in the groundcover.
Duran (1998) noted that black pine snakes were found in areas with greater coverages of
herbaceous vegetation and avoided areas of greater canopy closure. Both authors note
significantly greater use of stump holes over other types of refugia, but neither quantified
number of stump holes found on their study sites.

Woody vegetation ≤0.3 m in height
Differences in percent coverage of woody vegetation and in woody plant species
composition among study sites may be associated with detection of black pine snakes.
For example, comparisons of shrub species between study sites indicated that more fruitproducing shrubs of ≤0.3 m in height occurred on areas where black pine snakes were
detected. This composition of fruit producing shrubs and subsequent availability of soft
mast could influence the small mammal prey base for black pine snakes. This condition
could explain the positive association between woody vegetation ≤0.3 m in height and
detection of black pine snakes.
Herbaceous vegetation (e.g., forbs and grasses) has been noted as important for
hispid cotton rat forage, an important prey species for black pine snakes (Kincaid and
Cameron 1982; Baxley 2007). But other research has shown that rodents consume and
have a direct effect on woody vegetation (e.g. shrubs) in some environments (Gutierrez et
al. 1997). A study on eastern indigo snakes in Georgia noted snakes using areas with
greater percent coverage of woody understory vegetation in spring and summer. The
areas with increased coverage of woody understory vegetation where indigo snakes
occurred could have had more small rodents on them, translating into more snakes
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feeding on these rodents (Hyslop 2007). Because eastern indigo snakes are diet
generalists, greater numbers of small rodents and snakes could explain the greater
numbers of eastern indigo snakes found there. Black pine snakes are large colubrid
snakes and rodents are included in their prey base. Therefore, increased coverage of
woody fruit producing vegetation may provide more prey base (Landers and Speake
1980; Stevenson et al. 2003; Hyslop 2007). Interspersion of fruit-producing shrubs with
herbaceous plants typified the ground cover at Mars Hill and Site 7 where black pine
snakes were detected. Therefore, the vegetation composition occurring on sites where
black pine snakes were detected would be conducive to support an adequate rodent prey
base (Baxley 2007; Hyslop 2007).

Woody vegetation >0.3 m - ≤1.0 m in height
Negative associations detected with woody vegetation coverage of >0.3 m to ≤1.0
m in height could be related to characteristics of ground cover vegetation of ≤0.3 m in
height and influences of sun light exposure to soil surfaces (Duran 1998; Hyslop 2007).
Areas with a greater abundance of woody vegetation coverage at this height class could
be counter-productive to black pine snake habitat due to snake thermoregulatory needs.
Vegetation coverage in this height class could result in reduction of basking sites for
snakes (Hyslop 2007). The shrubs, trees, and vines in this layer can restrict growth of
understory vegetation, which has been shown as important for black pine snake prey base
(Duran 1998; Baxley 2007). Although I did not detect a significant association between
understory herbaceous vegetation and black pine snake detection, total woody vegetation
≤0.3 m in height was associated with black pine snake detection. Because some of these
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shrubs are low growing species (e.g., Gaylussacia dumosa and Vaccinium myrsinites),
woody vegetation from >0.3 m - ≤1.0 m in height could restrict growth and fruit
production (Halls 1968; Johnson and Landers 1978).

Stump holes
My results indicated that presence of black pine snakes was associated negatively
with habitats containing an abundance of stump holes. Conversely, previous studies have
found that black pine snakes used stump holes extensively as underground refugia (Duran
1998; Baxley 2007). Rotting root canals associated with stumps have been used for
underground refugia by black pine snakes and many other amphibian, mammal and
reptile species (Duran 1998; Means 2005; Waldron 2005; Baxley 2007; Hyslop 2007).
Other forms of refugia including nine-banded armadillo (Dasypus novemcinctus) burrows
and inactive gopher tortoise burrows have been documented as being infrequently used
by black pine snakes (Duran 1998; Baxley 2007).
Based on my findings, a greater abundance of stump holes was recorded on areas
where black pine snakes were not detected. The greatest abundance of stump holes was
detected on Camp Tiak. My findings suggest that stump holes may not be a reliable
predictor for quality black pine snake habitat; however, I submit that past and varying
management practices on the 4 different study sites influenced my results. For example,
greater numbers of stump holes at Camp Tiak were due primarily to past silvicultural
practices, such as timber harvest, that left an abundance of stumps throughout the study
site. Although an abundance of stump holes was found at Camp Tiak, habitat conditions
for black pine snakes was sub optimal due to the lack of prescribed burning on the area
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since Hurricane Katrina’s landfall in 2005. Due to forest density and salvage logging on
the area, application of prescribed burning wasn’t conducted until 2009, the first year of
my study. Therefore, an important consideration in the interpretation of my model results
was absence of fire on the study site with the most abundance of stump holes. I submit
that these conditions influenced the outcome of my modeling attempt. In contrast, Mars
Hill and Site 7 have been managed with prescribed fire at regular return intervals and
have exhibited an open overstory canopy of trees over the past decade (M. Hinderliter
per. comm.). Forest stand conditions on those areas and the regular fire intervals may be
more similar to "natural" occurrence of stump holes in combination with other habitat
features that benefit black pine snakes (Means 2005). Data on stump holes is often
limited to anecdotal information in the literature, but the number of stump holes recorded
on my study sites were similar to those reported by Means (2005) observed in northern
Florida. Therefore, I submit that varying management practices between study sites
influenced my findings. Based on interpretation of my results and those of other authors,
I would not discount the importance of stump holes for providing habitat for black pine
snakes.
Along with habitat measurements I recorded I recommend that additional
information should be collected and used in analysis including property land use, distance
to roads, fire history (with information on fire intervals over the past 5 years),
silvicultural activity conducted on the property, and other landscape altering events (i.e.,
hurricanes). These parameters may need to be used as categorical variables in regression
modeling. However, I acknowledge that selected categorical variables related to land use
and management will potentially exhibit collinearity with many habitat variables, such as
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vegetation structure and species composition. Therefore, I submit that collinearity
diagnostics and evaluation of variables for biological significance should be included in
future modeling attempts that seek to investigate relationships between black pine snake
occurrence or detection and habitat characteristics.
Historical data on black pine snake occurrence could be important to ascertain
population sources and proximity of known populations to study sites prior to initiation
of studies. This type of information was available for 2 study sites located on CSJFTC
due to biological studies that had been conducted by The Nature Conservancy (Lee
2009). However, information concerning black pine snake occurrence on the other study
sites was limited and not quantified. Proximity to source populations of black pine
snakes will influence probability of detecting black pine snakes on an area due to
mobility and size of home range of this species (Duran1998; Baxley 2007).

MANAGEMENT IMPLICATIONS
My study indicated that black pine snakes were found on areas of greater
coverage of woody vegetation at ≤0.3 m in height. Because the woody vegetation
coverage on my study sites consisted of soft mast producing shrubs, more small
mammals consisting of hispid cotton rats and Peromyscus spp. mice prey base could be
found here (Kincaid and Cameron 1982; Miller and Miller 2003; Baxley 2007). Amount
of herbaceous and woody vegetation in the understory and fruit production from these
plants could influence numbers and availability of prey for black pine snakes.
Conversely, woody vegetation of >0.3 m to ≤1.0 m in height can have a negative
influence on habitat quality for black pine snakes and the ground cover plants which
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provide food and cover for their prey base. I submit that woody vegetation be managed
to retain low growing fruit producing plants, such as Gaylussacia dumosa and Vaccinium
myrsinites and herbaceous plant associates while controlling dense canopy development
of woody plant cover at >0.3 m to ≤1.0 m in height. In areas where prescribed fire
intervals have been over 5 years, plants such as yaupon and gallberries may comprise >
50% coverage (Jones and Dorr 2004; Yager et al. 2011). I found such vegetation
conditions on study sites where black pine snakes were not detected.
Between the 2 height classes, the >0.3 m to ≤1.0 m height class had a greater
coverage of vegetation than the ≤0.3 m height class. Most of this difference consisted of
an increased coverage of yaupon and gallberries on ACUB and Camp Tiak. These
coverage characteristics were due, in part, to lack of frequent prescribed fires (Yager et
al. 2011). Because gallberry species exhibited greater coverages on ACUB and Camp
Tiak, they influenced lower herbaceous and woody vegetation that could benefit black
pine snakes and their prey base, especially many species of Vaccinium (Kincaid and
Cameron 1982; Baxley 2007). Previous studies have reported that black pine snakes
typically occurred in longleaf pine habitats that were similar to “pristine” conditions of
open canopy pine forests with fire-suppressed midstories (Duran 1998; Baxley 2007). In
my study, Mars Hill and Site 7, areas where black pine snakes were detected, had
prescribed fire used as a management technique. Conversely, areas where black pine
snakes were not detected were not managed with prescribed burning in the past 5 years.
Dense shrub layers were due, in part, to the lack of burning on these study sites (Yager et
al. 2011). Whereas, prescribed burning and fires from military training activities at 2 to 3
year intervals resulted in the reduction in woody vegetation coverage at >0.3 m - ≤1.0 m
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height (Maser et al. 1979). The effects of fire on the vegetation communities, in turn,
potentially influenced habitat conditions for black pine snakes (Maser et al. 1979).
For longleaf pine restoration and enhancement of habitat conditions for black pine
snakes and other species, reduction of the midstory canopy coverage of >0.3 m - ≤1.0 m
in height should be considered. Under these conditions, Burke et al. (2008) suggested
herbicide application and prescribed fire to reduce coverage of upper shrub and tree
canopy layers for stimulation of ground cover of herbaceous and low growing woody
plants. Based on my findings, reduced coverage of woody vegetation of >0.3 m - ≤1.0 m
in height along with retention of low growing ground cover may be advantageous to
black pine snakes. Therefore, I submit that vegetation management should be done to
retain low-growing soft mast producers, such as Gaylussacia sp., Toxicodendron
pubescens, and Vaccinium myrsinites at mean percent coverage of about 35% (+21).
Although my research indicated that stump hole numbers did not significantly
influence detection of black pine snakes, I submit that this does not negate importance of
stump holes as cover for black pine snakes. Based on my study, artificially planted and
harvested areas can exhibit high densities of stump holes and inflate estimates of stump
hole numbers across the landscape. Therefore, other potential influential factors on the
land base should be considered in conjunction with stump hole availability. As data from
my study revealed, number of stump holes alone should not be the main variable in
determining detection of black pine snake. But, based on other studies, conservation of
underground refugia is important for black pine snakes and many other reptiles,
amphibians, and mammals (Duran 1998; Means 2005; Waldron 2005; Baxley 2007;
Hyslop 2007).
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Total number of stumps >12" in dbh recorded within 40 m circular plot from each vegetation point

Estimates based on 40 vegetation sample points along 20 m line transects and within 40-m diameter circular plots.
b
Variables that were included as significant influential variables (P < 0.05) in the final regression logistic regression model

a

Total number of logs >12" in dbh recorded within 40 m circular plot from each vegetation point

Total Number of Stump Size Class 3

Percentage canopy cover from vegetation points in habitat types
Total number of stump holes recorded within 40 m circular plot from each vegetation point

Total Basal area estimates from vegetation points in habitat types

Densitometer

Total Number of Log Size Class 3

Percentage cover of Woody vegetation (Shrubs, Trees, and Vines) from ≥1m in height

Total Basal Area

Total Number of Stump holesb

Percentage cover of Woody vegetation (Shrubs, Trees, and Vines) from ≥.3m - <1m in height

>1m Woody Vegetation

Percentage cover of Herbaceous vegetation (Forbs, Grasses, Grass-like, and Legumes) from ≥.3m - <1m in height

Percentage cover of Woody vegetation (Shrubs, Trees, and Vines) from <.3m in height

Percentage cover of Herbaceous vegetation (Forbs, Grasses, Grass-like, and Legumes) from <.3m in height

Measurementa

>.3m-<1m Woody Vegetationb

>.3m-<1m Herbaceous Vegetation

<.3m Woody Vegetationb

<.3m Herbaceous Vegetation

Variable

Table 4.1. Vegetation and habitat variables included in initial logistic regression model for black pine snake (Pituophis
melanoleucus lodingi) detection estimated from 4 study sites in Forrest and Perry counties, Mississippi during
summer 2010.
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Individual
Site of 1st
Month of 1st
Site of
Month of
Black Pine
Pit tag #
Age Gender
capture
capture
recapture
recapture
Snakes
024 777 080
A
M
Site 7
April
BPS#1
024 785 281
A
F
Mars Hill
April
BPS#2
024 770 538
J
F
Site 7
September (2009)a
Site 7
April
BPS#3
024 791 860
A
M
Site 7
May
BPS#4
024 769 116
A
M
Site 7
June
BPS#5
042 852 024
J
F
Mars Hill
June
BPS#6
042 851 882
A
M
Mars Hill
July
BPS#7
042 874 638
A
F
Mars Hill
July
BPS#8
042 863 860
A
F
Mars Hill
July
Mars Hill
August
BPS#9
042 871 581
A
M
Mars Hill
July
BPS#10
042 893 046
J
F
Site 7
August
BPS#11
042 889 308
J
F
Mars Hill
September
BPS#12
a
Note that the juvenile female black pine snake (BPS#3) captured on Site 7 in April was a recapture, which was previously marked before this project
began (September 2009).

Table 4.2. Ages, gender, and capture/recapture chronology for black pine snakes (Pituophis melanoleucus lodingi) captured
in box funnel traps along drift fence arrays on 4 study sites in Forrest and Perry counties, Mississippi from March
through September 2010.

Table 4.3. Mean percent coverage of vegetation along line intercepts and mean counts
of habitat variable from circular plots originating from sample points for
occupied gopher tortoise (Gopherus polyphemus) areas and un-occupied
gopher tortoise areas on the 4 black pine snake (Pituophis melanoleucus
lodingi) study areas in Forrest and Perry counties, Mississippi during
summer 2010.

Parameter

Black Pine Snake
Detection Areas

Black Pine Snake
Non-detection Areas

Mean (standard error)

Mean (standard error)

Df

Chi-square

Herbaceous Vegetation
≤.3m in height (percent
49.24% (9.14%)
36.67% (9.83%)
1
0.1437
foliar coverage)
Woody Vegetation
≤.3m in height (percent
58.68% (8.36%)
24.25% (3.91%)
1
0.0014 a
foliar coverage)
Herbaceous Vegetation
>.3-≤1m in height
12.00% (5.00%)
9.00% (2.50%)
1
0.7675
(percent foliar coverage)
Woody Vegetation
>.3-≤1m in height
32.69% (6.96%)
61.65% (8.56%)
1
0.0102 a
(percent foliar coverage)
Woody Vegetation
>1m in height (percent
102.85% (15.33%)
151.68% (22.90%)
1
0.2084
foliar coverage)
Stump Holes
3.10 (0.68)
5.05 (0.54)
1
0.0098 a
>12” dbh Logs
0.85 (0.24)
1.30 (0.25)
1
0.1597
>12” dbh Stumps
1.45 (0.47)
2.10 (0.46)
1
0.1383
Total
48.50 (5.59)
49.50 (6.39)
1
0.9347
Basal Area (m2)
Pine
40.50 (5.60)
30.00 (5.13)
1
0.2043
Basal Area (m2)
Hardwood
8.00 (2.96)
19.50 (5.26)
1
0.1400
Basal Area (m2)
Overstory Canopy
70.00% (8.40%)
75.00% (7.70%)
1
0.6908
Coverage
a
Bold font indicates significance difference in parameter between study area types at the P < 0.05 level.
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61.30% (8.70%)
Pinus palustris
50.00% (10.54%)
42.00 (5.54)
42.00 (5.54)
0.00 (0.00)
42.99 (5.96)
9.55 (2.86)
21.50 (4.90)
Yes

Pinus taeda
100.00% (0.00%)
57.00 (11.36)
18.00 (6.96)
39.00 (5.67)
37.42 (6.29)
11.15 (2.96)
11.94 (5.21)
No

16.80% (3.40%)

1.00% (0.50%)

242.20% (17.81%)

15.50% (3.22%)

32.80% (6.11%)

85.30% (10.44%)

69.00% (13.10%)

4.50% (2.15%)

38.00% (8.89%)

0
Suitable

0

Camp Tiak
Mean (standard error)

0
Suitable

0

ACUB
Mean (standard error)

Pinus palustris
56.14%
43.00 (7.46)
38.00 (7.27)
5.00 (4.01)
23.89 (8.31)
10.35 (3.15)
19.11 (6.52)
Yes

68.70% (13.14%)

39.40% (12.39%)

19.00% (9.60%)

62.20% (14.02%)

63.60% (11.71%)

0.07 snakes/trap night
Suitable

CSJFTC
Mars Hill
Mean (standard error)
7

Pinus palustris
80.00% (11.06)
54.00 (8.33)
43.00 (8.83)
11.00 (4.33)
25.48 (7.39)
3.18 (1.76)
3.98 (1.78)
Yes

136.80% (23.69%)

25.90% (6.42%)

4.60% (1.77%)

55.40% (9.80%)

35.10% (12.97%)

0.06 snakes/trap night
Suitable

6

CSJFTC Site 7
Mean (standard error)

Soil category designation is based on USFWS (1990) soil categories for gopher tortoises, designation for this study was based on dominant soil type
found on each area.
b
Percent coverage estimates represent total average coverage from woody plants (shrubs, trees, and vines) from line transect surveys conducted at all
areas at the >0.3m -<1.0m height class. Percent groundcover coverage is the total average coverage from herbaceous plants (forbs, grasses, grass-like,
and legumes) at the <0.3m height class. All other variables based on surveys of 20-m line transects and circular plots.

a

Catch per Unit Effort (CPUE based on no. of trap nights)
Soil Category for Tortoises a
Herbaceous Vegetation
≤0.3m in height (percent foliar coverage)
Woody Vegetation
≤0.3m in height (unit of measurement)
Herbaceous Vegetation
>0.3-≤1.0m in height (percent foliar coverage)
Woody Vegetation
>0.3-≤1.0m in height (percent foliar coverage)
Woody Vegetation
>1.0m in height (percent foliar coverage)
Dominant Overstory
Percent Canopy Cover b
Mean Basal Area of Trees (m2)
Mean Pine Basal Area (m2)
Mean Hardwood Basal Area (m2)
Mean Number of Stump holes per hectare
Mean Number >30.48 cm dbh Logs per hectare
Mean Number >30.48 cm dbh Stumps per hectare
Presence of Active Burrows of Gopher Tortoises?

Black Pine Snake number caught

Fauna/Habitat Parameter

Table 4.4. Summary of black pine snake (Pituophis melanoleucus lodingi) captures (total caught and CPUE - total
caught/number of trap nights) and habitat conditions on 4 study sites trapped with box traps and drift fence arrays
in Forrest and Perry counties, Mississippi during March through September 2010.
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2

2.27 (2.11)
0
0

Cyrilla racemiflora

Gaylussacia dumosa

Gaylussacia sp.

0

0

Vitis rotundifolia

Toxicodendron radicans

Smilax sp.

Smilax pumilla

Rubus sp.

0

1.67 (0.63)
0

0

0

9

5

2.80 (1.76)
0

Gelsemium sempervirens

Parthenocissus quinquefolia

2

1.44 (0.96)

Bignonia capreolata

Quercus sp.

0

4

1.44 (0.83)
0

Liquidambar styraciflua

Pinus palustris

8

2.80 (0.81)

0
Trees

5
0

5

4

0.83 (0.41)
1.14 (0.66)

7
0.90 (0.45)

1
2.06 (0.65)

Vines

2

4

4

Number of
transects

0.76 (0.76)

0

0

0

2.05 (1.37)

0

0

0

1.06 (0.57)

0

0

0

1.52 (0.77)
0

0

0

0

0

0

Acer rubrum

Vaccinium sp.

Vaccinium myrsinites

Vaccinium arboreum

Toxicodendron pubescens

Rosa sp.

Rhus copallinum

3

6

1.29 (0.52)
0

Ilex vomitoria

Quercus pumilla

7

11.44 (5.50)

Ilex glabra

3.56 (2.45)
0

0

Shrubs

Camp Tiak
Percent coverage
(standard error)

0

25.53 (10.45)

0

2.65 (2.00)
0

0

7.05 (6.96)
0

6

5

5.38 (3.22)

0

9.55 (4.23)
0

0

4.85 (2.56)
0

0

2.58 (1.44)

0
0

0

0

3.86 (2.79)

0

0

2

3

3

0

0

0

4.92 (3.92)

1.82 (1.15)

4

1.74 (0.88)

5.76 (4.39)
0

4.02 (2.41)

4

1.74 (0.77)

0

3.41 (1.06)

0

2.73 (1.04)
0

0

Site 7
Percent coverage
(standard error)

2.50 (1.03)

1

2

Number of
transects

0

1.82 (1.82)

0

2.12 (1.43)
0

0

0

Mars Hill
Percent coverage
(standard error)

3

7

3

5

4

4

3

4

8

6

Number
of
transects

Mean percent coverage of species listed comprised at least 80% of the vegetation along the 20-m line transect. Numerical values listed under “Number” is the number of transects where the
species were encountered.

a

Number of
transects

Species

ACUB
Percent coverage
(standard error)

Table 4.5. Woody vegetation coveragea from <0.3m in height along vegetation line transects from black pine snake
(Pituophis melanoleucus lodingi) study sites in Forrest and Perry counties, Mississippi during summer 2010.
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0

0
2.20 (0.82)

Rhus copallinum

2

1.29 (0.86)

Liquidambar styraciflua

Vitis rotundifolia

Symplocos tinctoria
0

1.67 (0.94)

4

0

1.21 (0.67)

Quercus sp

Trees

0

7.65 (3.98)
Vines

0

0

0

Quercus margaretta
0

0

0

Quercus laevis

Quercus nigra

0

0

Quercus incana

3

0

7

1.82 (0.58)

Acer rubrum
0

0

0

0

5

Vaccinium sp.

Vaccinium elliottii

6

10

9

5

Number of
transects

0

0

0

0

1.52 (1.43)

0

1.52 (0.69)

0

0

2

3.63 (2.44)

0

0

0

2.73 (1.40)

2.20 (1.09)

0

1.06 (0.54)

1.29 (1.13)

5.23 (1.11)

2.95 (1.97)

1.59 (1.59)

0

Site 7
Percent coverage
(standard error)

0.98 (0.77)

4

3

5

2

5

Number of
transects

0

2.05 (1.02)

0

0

1.89 (0.99)

7.88 (3.86)

5.68 (5.04)

0

0

9.92 (5.70)

0

0

Mars Hill
Percent coverage
(standard error)

2

5

2

5

4

4

2

9

2

1

Number
of
transects

Mean percent coverage of species listed comprised at least 80% of the vegetation along the 20-m line transect. Numerical values listed under “Number”
is number of transects where the species were encountered.

a

0

0

Myrica cerifera
5

0

9

3.48 (1.12)

Ilex vomitoria

2.35 (0.93)

47.35 (7.80)

7

17.35 (8.54)

Ilex glabra

Vaccinium arboreum

0
11.36 (2.36)

4.24 (3.51)

0

Camp Tiak
Percent coverage
(standard error)
Shrubs

0

Number of
transects

Gaylussacia sp.

ACUB
Percent coverage
(standard error)

Gaylussacia dumosa

Species

Table 4.6. Woody vegetation coveragea from >0.3 m - <1.0 m in height along vegetation line transects from black pine snake
(Pituophis melanoleucus lodingi) study sites in Forrest and Perry counties, Mississippi during summer 2010.

CHAPTER V
SMALL MAMMAL AND HERPETOFAUNA COMMUNITIES OF BLACK PINE
SNAKE STUDY SITES

INTRODUCTION
The longleaf pine (Pinus palustris) ecosystem is a habitat found in the
southeastern gulf coastal plain, which is dominated by its namesake, the longleaf pine
tree. This ecosystem is characterized by open, park-like savannas, open canopies,
moderately fire-suppressed midstories, and thick, grassy understories (Landers et al.
1995; Hinderliter and Lee 2005). The longleaf pine ecosystem once dominated the
southern gulf coastal plain which covered 37 million hectares. Today, approximately 1
million ha (around 3%) remain, with losses and degradation being attributed to land use
practices associated with agriculture, plantation forestry, urbanization, and reduction in
incidence of prescribed fire (Frost 2006).
Ecosystems of the longleaf pine belt are biologically important to many species of
birds, amphibians, reptiles, and mammals. Several of these species are reported as being
longleaf pine specialists (Guyer and Bailey 1993; Means 2006). Two endemic species of
particular importance in my study include black pine snakes (Pituophis melanoleucus
lodingi) and gopher tortoises (Gopherus polyphemus). Both considered longleaf pine
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specialists, these reptile species have exhibited population declines throughout their
distributional range (Auffenberg and Franz 1982; USFWS 1990; Duran 1998; Duran and
Givens 2001). Population declines in these species and many more are thought to be
from conversion of natural longleaf pine habitat to tree farm/plantations and alteration in
management practices over the last 100 years or more (Frost 2006). Because of
population declines and habitat losses, both species have received considerations under
the Endangered Species Act (ESA). In 1987, the western population of gopher tortoises
was federally listed as threatened in the western portion of its range under the ESA
(Auffenberg and Franz 1982; USFWS 1990; Hyslop 2007). Black pine snakes are
currently under consideration for listing by the U.S. Fish and Wildlife Service (USFWS
2010).
Information on relationships between longleaf pine specialists and species
associates is needed for enhanced understanding and continued conservation of the
longleaf pine ecosystems (Jones and Dorr 2004). I measured abundance and species
richness of small mammals and herpetofauna on sites that I used for detection of black
pine snakes. This information may assist natural resource managers in conservation of
longleaf pine specialists and species associates when developing forest restoration plans
on public and private lands. Because small vertebrates serve as a food source for black
pine snakes, this work also may provide information on the prey base for this snake
species (Baxley 2007).
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STUDY AREA
I conducted field experiments on 4 study sites located in the Lower Gulf Coastal
Plain of Mississippi. Study sites were located on public lands in Forrest and Perry
counties in south Mississippi. Details on study site locations and habitat descriptions can
be found in Chapter II.

METHODS

Field Methods
Field data were collected from April 2010 through September 2010 using drift
fence arrays. Field methods are described specifically in Chapter II. Data on
amphibians, reptiles, and mammals were collected on 4 sites (Table 5.1). Data from
captures of reptiles, amphibians, and small mammals and habitat evaluations were used to
estimate relationships between faunal community metrics and habitat conditions and to
compare faunal communities occurring on the 4 study sites.

Statistical Analyses
Study sites (n = 4) were categorized according to detection or non-detection of
black pine snakes. Faunal response variables included species richness and abundance of
amphibians, species richness and abundance of reptiles, species richness and abundance
of rodents, and individual species abundance. Counts were standardized using catch/unit
effort to adjust for differences in sampling intensities among study sites. Total numbers
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of traps used on each site were calculated. This sum was then multiplied by number of
days that traps were open on each study site. Catch/unit effort was calculated for each
species as total number of captured individuals per site divided by the adjusted number of
trap days for that site (Fogarty 2005; Edwards 2007).
A range of 21 to 27 trapping periods were implemented on study sites. During
each of these trapping periods, drift fence arrays, including funnel and pitfall traps were
opened at 2 to 4 day intervals. Total trap days over the study period ranged from 7,392 to
8,492 (Table 5.1).
The following hypotheses were evaluated at P < 0.05 alpha level:
1. HO: Small mammal and herpetofauna abundance did not differ on areas where
black pine snakes were detected and on areas where black pine snakes were not
detected.
H1: Small mammal and herpetofauna abundance did differ on areas where
black pine snakes were detected and on areas where black pine snakes were not
detected.
2. HO: Small mammal and herpetofauna richness did not differ on areas where
black pine snakes were detected and on areas where black pine snakes were not
detected.
H1: Small mammal and herpetofauna richness did differ on areas where black
pine snakes were detected and on areas where black pine snakes were not
detected.
Species richness was calculated for areas where black pine snakes were detected
and areas where black pine snakes were not detected as total number of species detected
in funnel and pitfall traps along drift fence arrays over the study period. Amphibian and
reptile species richness as calculated separately. I used a one-way analysis of variance
(PROC GLM, SAS 9.2) to determine if species richness varied significantly between
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areas where black pine snake were detected and areas where they were not detected
(Freund and Wilson 2003; Edwards 2007).
I used a Kruskal-Wallis test (PROC NPAR1WAY, SAS 9.2) to ascertain if
individual species abundance differed in areas where black pine snakes were detected and
areas where they were not detected (Conover 1980). I used Renkonen’s Index to quantify
the community similarities of amphibian, reptile and mammalian communities between
areas where black pine snakes were detected and areas where they were not detected
(Krebs 1989). The index is a percentage similarity index defined as P = Σ minimum (p1i,
p2i); where, P = percentage similarity between areas where black pine snakes were
detected and areas where they were not detected; p1i = percentage of species in black pine
snake detected areas; p2i = percentage of species in areas where black pine snake were not
detected. Renkonen’s Index can be viewed as a scale from 0 (no similarity of
community) to 100 (complete similarity of community; Krebs 1989).
For modeling analyses, I used each herpetofauna drift fence array as the
experimental unit yielding a sample size of 16. Faunal response variables included
rodent catch per unit effort, herpetofauna species richness, herpetofauna catch per unit
effort, and catch per unit effort of the following animals: six-lined racerunner
(Aspidoscelis sexlineata sexlineata), all skinks (Scincella and Plestiodon spp.), scarlet
snake (Cemophora coccinea), eastern coachwhip (Coluber flagellum flagellum), shrews
(Sorex and Blarina spp.), and pine vole (Microtus pinetorum). These species were
selected for evaluation because they exhibited a significant difference between areas
where black pine snakes were detected and areas where black pine snakes were not
94

detected. Because of so few captures on areas where black pine snakes were detected,
modeling analysis was not conducted on Mississippi slimy salamanders (Plethodon
mississippi) or true toads (Bufo spp.). Twelve vegetation and habitat variables were
included in analyses that were averaged or summed by site based upon vegetation data
collected during summer 2010 (Myers 1990; Table 3.1).
Determination of potential relationships between habitat conditions and faunal
response variables was a multiple-step process. I used data reduction techniques to
eliminate environmental variables exhibiting little variance among study sites and
variables that were related (Myers 1990; Fogarty 2005). First, variables were examined
for collinearity using Pearson correlation coefficients which evaluated relationships
among explanatory variables (Myers 1990). If 2 variables had a coefficient >0.7, each of
the variables was evaluated as candidates for exclusion from the data set used in model
development. Based on current knowledge and literature, the variable with the greatest
biological significance for the selected faunal response variables was retained for
inclusion in the final regression analysis. Next, I used Principal Components Analysis
(PCA) to reduce the habitat data set to a smaller number of variables that limited amount
of redundancy among variables and represented most of the variation in habitat
characteristics among study sites using PROC PRINCOMP (SAS 9.2; Johnson 1998;
McCune and Grace 2002). PCA is a basic eigenvector analysis that requires one data
matrix, in this case, habitat variables by herpetofauna arrays, and determines which
variables contribute most to the overall variance of the data set relative to one another
(Fogarty 2005). Each component that is extracted is represented by an eigenvalue that
represents amount of variance accounted for by a given component. Every variable then
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has a loading on each axis indicating its significance within each principal component
with the square of the loading equaling percentage of variation in the variable explained
by that axis (McGarigal et al. 2000). Significant axes were determined by Kaiser’s
criterion where components with an eigenvalue >1 were retained and interpreted (Hatcher
1994; McCune and Grace 2002; Edwards 2009). Within each component, variables with
eigenvector loadings >0.3 and <-0.3 were considered meaningful. This method allowed
for the selection of variables that represented approximately 10% of the variance
explained by that axis (Hair et al. 1987; McGarigal et al. 2000).
I used stepwise linear regression (PROC REG, SAS 2002) to identify explanatory
habitat variables that were related to fauna response variables (P ≤ 0.15). Significant
variables from each of the 12 regression analyses were then combined and the full model
was analyzed using stepwise linear regression (P ≤ 0.05).

RESULTS
Captures of animals in pitfall and box traps yielded 48 species of reptiles and
amphibians and 16 species of mammals. I captured 2,094 individual herpetofauna and
475 individual mammals during the study (Table 5.2). On black pine snake areas, 10
amphibian species (523 individuals), 28 reptile species (349 individuals), and 13
mammalian species (171 individuals) were captured. On areas where black pine snake
were not detected, 12 amphibian species (825 individuals), 23 reptile species (397
individuals), and 12 mammalian species (304 individuals) were captured. Species
richness of mammals differed significantly between areas of black pine snake detection
and areas of no detection (F1,8 = 9.41, P =0.01). Amphibian species richness (F1,8 = 4.07,
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P =0.06) and reptile species richness (F1,8 = 0.01, P = 1.00) was similar between areas of
black pine snake detection and areas of no detection (Table 5.2).
Kruskal-Wallis tests indicated that abundance of 10 herpetofauna and 3
mammalian species differed between areas of black pine snake detection and areas of no
detection (Table 5.3). Catch per unit effort (CPUE) of black pine snakes differed
between study sites (P < 0.001; Table 5.3). Differences in CPUE of selected species
differed between areas of black pine snake detection and areas of no detection.
Significantly greater CPUE of scarlet snakes (P = 0.036) and eastern coachwhips (P =
0.003) were detected on areas of black pine snake detection. Whereas, significantly
greater CPUE of speckled kingsnakes (Lampropeltis triangulum elapsoides; P = 0.021)
were recorded on areas of no black pine snake detection (Table 5.3). Lizards including
five-lined skinks (Plestiodon fasciatus; P = 0.003), southeastern five-lined skinks (P.
inexpectatus; P = 0.002), broadhead skinks (P. laticeps; P = 0.009), and ground skinks
(S. lateralis; P = 0.038) were more abundant on areas of no detection than on areas of
black pine snake detection (Table 5.3). Six-lined racerunners (P = 0.008) were the only
lizard species where significantly greater CPUE were recorded on areas of black pine
snake detection (Table 5.3).
Abundance of Mississippi slimy salamanders (P < 0.001) was greater on areas of
no detection compared to areas of black pine snake detection (Table 5.3). Significantly
more shrews including southeastern short-tailed shrews (Blarina carolinensis; P < 0.001)
and southeastern shrews (Sorex longirostris; P < 0.001) were captured on areas of no
detection than on areas of black pine snake detection (Table 5.3). Areas of black pine
snake detection also supported more pine voles (P = 0.034).
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The Renkonen value for amphibians was 0.461 indicating that amphibian
communities were 46% similar between areas of black pine snake detection (Mars Hill
and Site 7) and areas of no detection (ACUB and Camp Tiak). The Renkonen value for
reptiles was 0.538 indicating that reptile communities were 54% similar between areas of
black pine snake detection (Mars Hill and Site 7) and areas of no detection (ACUB and
Camp Tiak). The Renkonen value for mammals was 0.628 indicating that mammal
communities were 63% similar areas of black pine snake detection (Mars Hill and Site 7)
and areas of no detection (ACUB and Camp Tiak).

Fauna Response Variables
Significant models with R2 > 0.60 were developed for 9 of the 10 modeling
efforts. No significant model was developed for speckled kingsnake CPUE. A
significant model with R2 < 0.60 was developed for pine vole CPUE. This model
contained one variable, total number of stump holes (R2 = 0.26; Table 5.4). Total number
of stump holes (β-hat = 0.00, SE = 0.00, F = 5.21, df = 1, 14, P = 0.04) had a positive
association with pine vole CPUE. Significant models with R2 > 0.60 were as follows:
Rodent CPUE. The model contained 2 variables, leaf litter and total basal area
(R2 = 0.60; Table 5.4). Leaf litter (β-hat = 0.07, SE = 0.02, F = 8.47, df = 2,13, P = 0.01)
and total basal area (β-hat = 0.00, SE = 0.00, F = 9.15, df = 2,9, P = 0.01) both had
positive associations with rodent CPUE.
Herpetofauna Species Richness. The model contained 2 variables, total number
of stump holes and total number of downed log size class > 30.48 cm dbh (R2 = 0.60;
(Table 5.4). Total number of stump holes (β-hat = -0.54, SE = 0.17, F = 10.07, df = 2,
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13, P = 0.01) had a negative association and total number of downed log size class >
30.48 cm dbh (β-hat = 1.97, SE = 0.46, F = 18.01, df = 2, 13, P < 0.001) had a positive
association with herpetofauna species richness.
Herpetofauna CPUE. The model contained one variable, total number of downed
logs size class > 30.48 cm dbh (R2 = 0.65; Table 5.4). Total number of downed log size
class > 30.48 cm dbh (β-hat = 0.06, SE = 0.01, F = 25.48, df = 1, 14, P < 0.001) had a
positive association with herpetofauna CPUE.
Six-lined racerunner CPUE. The model contained 2 variables, leaf litter and total
number of stump holes (R2 = 0.65; Table 5.4). Leaf litter (β-hat = -0.01, SE = 0.00, F =
6.01, df = 2, 13, P = 0.03) and total number of stump hole (β-hat = 0.00, SE = 0.00, F =
18.05, df = 2, 13, P < 0.001), both had negative associations with six-lined racerunner
CPUE.
Skink CPUE. The model contained 2 variables, percent coverage of woody
vegetation >1.0 m in height and total number of downed logs size class > 30.48 cm dbh
(R2 = 0.65; Table 5.4). Percent coverage of woody vegetation >1.0 m in height (β-hat =
0.01, SE = 0.00, F = 12.80, df = 2, 13, P < 0.001) and total number of downed logs size
class > 30.48 cm dbh (β-hat = 0.00, SE = 0.00, F = 7.17, df = 2, 13, P = 0.02), both had
positive associations with skink CPUE.
Scarlet snake CPUE. The model contained 2 variables, percent coverage of
herbaceous vegetation >0.3 m - ≤1.0 m in height and percent coverage of woody
vegetation >1.0 m in height (R2 = 0.79; Table 5.4). Percent coverage of herbaceous
vegetation >0.3 m - ≤1.0 m in height (β-hat = -0.02, SE = 0.00, F = 26.09, df = 2, 13, P <
0.001) and percent coverage of woody vegetation >1.0 m in height (β-hat = 0.00, SE =
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0.00, F = 38.75, df = 2, 13, P < 0.001), both had negative associations with scarlet snake
CPUE.
Eastern coachwhip CPUE. The model contained 2 variables, percent coverage of
herbaceous vegetation ≤0.3 m in height and total number of stump holes (R2 = 0.66;
Table 5.4). Percent coverage of herbaceous vegetation ≤0.3 m in height (β-hat = 0.00, SE
= 0.00, F = 6.77, df = 2, 13, P = 0.02) had a positive association and total number of
stump holes (β-hat = 0.00, SE = 0.00, F = 18.89, df = 2, 13, P < 0.001) had a negative
association with eastern coachwhip CPUE.
Shrew CPUE. The model contained 2 variables, leaf litter and percent coverage
of woody vegetation >0.3 m - ≤1.0 m in height woody vegetation (R2 = 0.65; Table 5.4).
Leaf litter (β-hat = 0.02, SE = 0.01, F = 14.06, df = 2, 13, P < 0.001) and percent
coverage of woody vegetation >0.3 m - ≤1.0 m in height woody vegetation (β-hat = 0.01,
SE = 0.00, F = 6.71, df = 2, 13, P = 0.02), both had positive associations with shrew
CPUE.

DISCUSSION
Areas where black pine snakes were not captured typically exhibited significantly
greater coverage of leaf litter coverage, woody vegetation >0.3 m - ≤1 m in height,
number of stump holes, and no history of fire within the last 10 years (Tables 3.3 and
4.5). Black pine snake areas typically exhibited significantly greater coverage of woody
vegetation ≤0.3 m in height and some history of fire within the last 10 years (Tables 3.3
and 4.5). Most (68%) of the herpetofauna and mammal species captured were similar on
areas of black pine snake detection and areas of no detection. However, 13 species of
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mammals, reptiles and amphibians exhibited differences in CPUE abundance between
areas of black pine snake detection and areas of no detection.

Herpetofauna
Multiple linear regression revealed that herpetofauna species richness was
associated negatively with stump holes, which contradicts use of stump holes reported by
Means (2005). Herpetofauna species richness and CPUE were associated positively with
total number of downed logs size class > 30.48 cm dbh. These findings were similar to
those reported by Brooks (1967), Conant and Collins (1998), and Trauth et al. (2004)
who reported downed logs as important habitat components for many reptile and
amphibian species. Downed logs and other woody debris have been suggested as
foraging areas and refugia for herpetofauna species in escaping predators or variations in
temperatures (Brooks 1967; Conant and Collins 1998; Petranka 1998; Trauth et al. 2004).
My findings of negative associations between herpetofauna CPUE and stump
holes did not support previous studies that cited stump holes to be important in
supporting an abundance of herpetofauna. Many species of amphibians, reptiles, and
mammals have been reported as utilizing stump holes as underground refugia (Duran
1998; Means 2005; Waldron 2005; Baxley 2007; Hyslop 2007). My findings do not
necessarily indicate that stump holes are not of value to herpetofauna; however, my
findings suggest stump holes may not be a predictive habitat feature for assessing
abundance of reptiles and amphibians in the absence of other desirable habitat features.
Also, high densities of stump holes/ha of one of my study sites potentially influenced the
outcome of my modeling efforts. Camp Tiak exhibited a greater abundance of stump
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holes due to past silvicultural practices in densely stocked pine forests. I believe that
stump hole numbers were greater than those observed in natural stand conditions or more
desirable forest stand conditions for many species of herpetofauna. Other forest stand
conditions existed on Camp Tiak that created less desirable habitat conditions for many
herpetofauna, including closed canopy pine forest and dense shrub cover comprised
primarily of yaupon and gallberry (Ilex spp.).

Amphibians
Mississippi slimy salamander CPUE was greater on areas of black pine snake
detection. The difference in abundance could be related to forest stand conditions,
including greater coverage amounts of leaf litter on areas of black pine snake detection
(Table 5.5). However, I did not conduct regression analyses to estimate influential
variables due to the low number of slimy salamander captures. Salamanders use leaf
litter and ground cover to forage and as refugia from predators and temperature variations
(Heatwole 1962; Pough et al. 1987; Ash 1995; Grover 1998; Petranka 1998; Dodd 2004;
Trauth et al. 2004; Mitchell and Gibbons 2010). Other factors including xeric conditions
like open canopy, sun exposure, and frequent fire on areas of black pine snake detection
do not favor salamanders that breath cutaneously, as a surface layer with high amounts of
moisture is necessary for this (Petranka 1998).

Reptiles
Capture totals of six-lined racerunners were greater on areas of black pine snake
detection. Based on multiple linear regression analysis, six lined racerunners were
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associated negatively to leaf litter coverage and number of stump holes. Areas of black
pine snake detection had significantly less leaf litter and stump holes. My results of
negative associations of leaf litter concurs with published sources that report that sixlined racerunners use habitats typified by open, well-drained areas covered with sand or
loose soil and sparse vegetation (Conant and Collins 1998; Johnson 2000). Areas of
black pine snake detection had significantly less woody vegetation >0.3m - ≤1.0m in
height and mean percentage of bare ground on these areas were >10%. Bare ground
exposure was less on areas of no black pine snake detection.
Total captures of all skinks including broadhead, five-lined, ground, and
southeastern five-lined were greater on areas of no black pine snake detection. Leaf litter
was significantly more abundant on areas of no black pine snake detection which is
important, because skink species have been shown to take cover and forage in forest leaf
litter and decayed logs and stumps (Trauth et al. 2004; Gibbons et al. 2009). Skinks were
associated positively to number of downed logs size class > 30.5 cm dbh and woody
vegetation >1.0 m in height. The positive association with downed logs is in concurrence
with findings of Brooks (1967) who noted that skinks seek shelter at the base of trees and
under logs. The association of skink abundance with ground cover vegetation or woody
vegetation <1.0 m in height may indicate sunlight exposure on ground level vegetation.
Skink populations have been reported to vary significantly depending on amount of
sunlight on the forest floor (Lunney et al. 1991). I did record overstory canopy cover, but
did not estimate forest floor sunlight exposure during my study, but skinks were
associated positively with amount of woody vegetation >1.0 m in height and this may
relate to differences in amount of sunlight exposure on the forest floor.
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Speckled kingsnakes were the only snake species found in significantly greater
numbers on areas of no black pine snake detection. However, my regression analysis did
not reveal any habitat variables that were associated with speckled kingsnake CPUE. My
findings were different from Perry et al. (2009) who found speckled kingsnakes
associated with areas having dense canopy cover, more midstory basal area, deeper leaf
litter, and less ground-level vegetation. Johnson (2000) reported speckled kingsnakes as
being habitat generalists, which could account for the fact that no habitat variables were
associated with the speckled kingsnake CPUE from my study.
Areas where black pine snakes were detected had significantly more scarlet snake
captures than areas where black pine snakes were not detected. Scarlet snakes have been
shown to prefer areas with leaf litter, but scarlet snakes caught during my study didn’t
seem to follow this preference (Trauth et al. 2004; Gibbons and Dorcas 2005). Snake and
lizard eggs including those of the prairie racerunners (Aspidoscelis sexlineata viridis),
have been noted as food sources for scarlet snakes (Trauth and McAllister 1995; Jensen
and Gibbons 2008). My findings of greater numbers of six-lined racerunners on areas
where scarlet snakes were detected may indicate a greater abundance of prey items for
scarlet snakes. Scarlet snakes were also associated negatively to herbaceous vegetation
>0.3 m - ≤1.0 m in height and woody vegetation >1.0 m in height. The increase in
vegetation at both of these height classes may be associated to decreased sunlight
exposure at ground level which would produce less basking areas for thermoregulation
(Hyslop 2007).
Coachwhip numbers were greater on areas where black pine snakes were detected
than areas where black pine snakes were not detected. Like scarlet snakes, six-lined
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racerunners also have been reported as a known prey species of eastern coachwhips
(Trauth et al. 2004). With significantly greater numbers of racerunner captures on areas
where black pine snakes were detected, this may also explain the significantly greater
number of eastern coachwhip captures on these sites. Eastern coachwhips were
associated positively by coverage of herbaceous vegetation ≤0.3 m in height and
associated negatively to number of stump holes. Low growing herbaceous vegetation
may provide forage and structure for many species of herpetofauna and small mammals;
primary prey base for eastern coachwhips (Tennant 2003; Trauth et al. 2004; Baxley
2007). However, the association of stump hole numbers was unclear ecologically and
may have been a result of high number of stump holes on Camp Tiak that resulted from
forest stand management. The high number of stump holes on Camp Tiak and lack of
eastern coachwhip detection influenced the outcome of my modeling efforts. I submit
that stump hole numbers on Camp Tiak were influenced due to past silvicultural practices
and forest stand density prior to timber harvest. I concur with others who have reported
that many snake species and numerous other species use stump holes (Duran 1998;
Means 2005; Waldron 2005; Baxley 2007; Hyslop 2007). However, I also submit that
evaluation of stump hole availability in the absence of evaluation of other habitat
conditions is not sufficient to ascertain habitat quality for reptile species that inhabit
longleaf pine forests, especially longleaf pine specialists, such as the black pine snakes
(Baxley 2007; USFWS 2010).
Scarlet snakes and coachwhips were captured more often on 2 study sites, Mars
Hill and Site 7, and that these sites exhibited a preponderance of deep, sandy soils, which
both snake species have been shown to prefer (Gibbons and Dorcas 2005). Both Mars
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Hill and Site 7 yielded presence of black pine snakes, with greater captures of eastern
coachwhips, scarlet snakes, and six line racerunners. The dominance of sandy soils
types, such as Benndale, McLaurin, and Smithdale, history of fire management, and
resulting vegetation structure could explain the significantly greater capture rates of these
reptile species (USFWS 1990; Trauth et al. 2004; Gibbons and Dorcas 2005).

Mammals
Rodent CPUE was associated positively to leaf litter and basal area. Many
species of small mammals including rodents and shrews have been reported to forage for
prey and construct burrows under leaf litter (Choate et al. 1994; Schwartz and Schwartz
2001; Reid 2006). Increases in basal area indicates greater volume of trees in an area,
thus potentially leading to more leaf litter, less sunlight exposure on the forest floor,
increases in shade, and cooler ground level and subsurface temperatures (Lieffers and
Stadt 1994; Messier et al. 1998; Lieffers et al. 1999). Due to thermoregulation needs of
ground dwelling small mammals and maximum soil temperatures during summer and
fall, ground shading may be important in providing an amenable microclimate condition
for selected small mammals on sandy soils of the Lower Gulf Coastal Plain (MacCracken
et al. 1984).

Small Mammals
Catch per unit effort of southeastern short-tailed and southeastern shrews were
greater on areas of no black pine snake detection. The significantly greater amounts of
leaf litter and the fact that both species of shrew are known to inhabit moist woodlands
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could account for significantly greater captures of shrews on areas where black pine
snakes were not detected (Dickson 2001). Leaf litter depth has been shown to
significantly affect some mammalian species and I found that CPUE for 2 shrew species
were associated positively by leaf litter and amount of woody vegetation >0.3 m - ≤1.0 m
in height. I examined percent coverage of leaf litter but, coverage may have attributed to
some of the differences in capture rates of shrews among study sites (Kaminski et al.
2007). Leaf litter may be very important to many shrew species, because they live in,
burrow in, and forage in and beneath leaf litter (Choate et al. 1994; Dickson 2001;
Feldhamer et al. 2002; Sunquist et al. 2002; Reid 2006; Feldhamer et al. 2007). Shrew
diets include a variety of invertebrates located in the leaf litter and with more leaf litter on
areas of black pine snake no detection; this may explain the difference in shrew capture
numbers (Dickson 2001).
Pine vole CPUE was greater on areas where black pine snakes were not detected.
Like many shrew species, pine voles often forage for prey and construct burrows under
leaf litter (Choate et al. 1994; Schwartz and Schwartz 2001; Reid 2006). Although
regression analysis did not indicate an association between percent coverage of leaf litter
and pine vole CPUE, areas of black pine snake detection which also had greater captures
of pine voles, exhibited greater percent coverage of leaf litter. Pine voles were associated
positively to number of stump holes, which I have previously noted to be due, in part, to
past silvilcultural practices on one of the study sites. While not necessarily associated
with using stump holes, pine voles have been noted as digging and using underground
tunnels (Lowry 1981; Schwartz and Schwartz 2001). Another factor that may have
influenced pine vole abundance was the incidence of prescribed fire. I did not evaluate
107

treatment effects of fire directly in my study; however, I obtained information on
occurrence and frequency of prescribed fire on study areas. Areas with fewer pine voles
had a history of fire at regular intervals (3-4 years) from prescribed burning or artillery
ignition (M. Hinderliter per. comm.). Studies examining effects of prescribed fire on
mammals have noted positive and negative effects. For example, decreases in pine vole
populations were observed in North Carolina following use of prescribed fire (Ford et al.
1999). A study in Texas found prescribed fire beneficial to 2 small mammal species
Merriam’s kangaroo rats (Dipodomys merriami) and silky pocket mouse (Perognathus
flavus), but was also detrimental to Chihuahuan desert pocket mouse (Chaetodipus
eremicus; Monasmith et al. 2010). The authors reported prescribed fire reduced
vegetation including cacti, forbs, grasses, and shrubs one month after fire, but most of the
vegetation returned one year post fire in greater percentages than recorded before
prescribed fire. But, no vole species were captured on their study sites, so impacts to
voles were unable to be measured.

MANAGEMENT IMPLICATIONS
Habitat variables for amphibians, reptiles, and mammals varied differently across
my study sites depending on the species and its associated life requirements. Based on
my research, habitat conditions that supported black pine snakes included less coverage
of leaf litter, woody vegetation >0.3 m - ≤1.0 m in height, and increased coverage of
woody vegetation ≤0.3 m in height. Black pine snake species associates including
eastern coachwhips, scarlet snakes, and six-lined racerunners were also found in these
habitat conditions. Habitat conditions on areas of no black pine snake detection included
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greater coverage of leaf litter, woody vegetation >0.3 m - ≤1.0 m in height, and decreased
coverage of woody vegetation ≤0.3 m in height. These conditions supported species
assemblages that were not typically associated with black pine snakes (Lunney et al.
1991; Choate et al. 1994; Schwartz and Schwartz 2001; Trauth et al. 2004). While this
habitat would be less important for black pine snakes, my research suggests that these
habitats and habitat variables could be important to many other species that require
abundant leaf litter and woody plant coverage (>0.3 m - ≤1.0 m in height).
Management that creates an interspersion or mosaic of different habitat types
across the landscape can provide increased habitat diversity that can be utilized by many
species of wildlife. Creating and retaining this interspersion or mosaics of habitat types
could benefit black pine snake prey base including rodents, shrews, amphibians, and
selected reptiles (Trani 2002). A wide variety of prey species for black pine snakes and
similar snake species is necessary, because snake movement patterns may be influenced
by prey movement through these different habitat types (Heard et al. 2004).
Additionally, large home range sizes of black pine snakes may cause them to encounter
upland pine habitats and associated ecotones during periods of movement (Baxley 2007).
Unfortunately increasing interspersion or a mosaic of different habitat types can
have detrimental or unforeseen effects, including introducing or spreading invasive
species. Cogongrass and imported fire ants, 2 invasive species, may benefit from
disturbed or fragmented habitats, so conservation of large natural areas or corridors of
similar habitat may be important (Stiles and Jones 1998). More open areas, or areas that
are disturbed have less canopy coverage and may favor cogongrass seed dispersal,
whereas dense midstory, and canopy coverage can negatively affect seed dispersal (Yager
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et al. 2011). These dense canopy cover areas also may act as temporary dispersal barriers
for imported fire ants. My results indicated that in most habitat types in southern
Mississippi, mound densities of imported fire ants were significantly greater in more
open areas than in other more densely vegetated areas. Because prescribed fire is used as
a management tool in the southeast U.S. for restoration of longleaf pine ecosystems,
enhancement of habitat for black pine snakes and species associates, including six-lined
racerunners, scarlet snakes, and eastern coachwhips, could be conducive to spread of
invasive species (Dickson 2001).
Because black pine snakes are associated typically with habitats that support
gopher tortoises, management of habitat for gopher tortoises can benefit this snake and its
species associates. However due to the preponderance of invasive species within the
range of these species, impacts of management and restoration efforts to spread of
invasive species should be considered. Before management practices for gopher
tortoises, black pine snakes, or species associates begin, I recommend surveying these
areas for invasive species including cogongrass and imported fire ants. Identifying
patches of invasive plants or imported fire ant mound colonies on conservation or
restoration areas prior to management actions may allow for control methods to be
implemented. This approach combined with control or protective buffering around
infestation patches or imported fire ant mound sites could potentially slow infestation
rates.
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Table 5.1. Sampling effort of funnel/pitfall trap surveys on 4 black pine snake
(Pituophis melanoleucus lodingi) study sites located in Forrest and Perry
counties, Mississippi from March through September 2010.
SiteA,B

Habitat Type

BPS
Present

Total #
Surveys

Total #
Days Open

# Funnel
Traps

# Pitfall
Traps

AHAA
Pine/Hardwood >15yrs
No
21
84
6
5
Pine/Hardwood
>15yrs
AHAB
No
21
84
6
5
Pine/Hardwood >15yrs
AHAC
No
21
84
6
5
Pine/Hardwood >15yrs
AHAD
No
21
84
6
5
CTHAA
Pine >15yrs
No
21
84
6
5
CTHAB
Pine >15yrs
No
21
84
6
5
CTHAC
Pine >15yrs
No
21
84
6
5
CTHAD
Pine >15yrs
No
21
84
6
5
MHHAA
Pine >15yrs
Yes
27
96
6
5
MHHAB
Pine >15yrs
Yes
27
96
6
5
MHHAC
Pine >15yrs
Yes
27
96
6
5
MHHAD
Pine >15yrs
Yes
27
96
6
5
S7HAA
Pine >15yrs
Yes
27
99
6
5
S7HAB
Pine >15yrs
Yes
27
99
6
5
S7HAC
Pine >15yrs
Yes
27
99
6
5
S7HAD
Pine >15yrs
Yes
27
99
6
5
A
The last letter in each acronym for the site column indicates one of the four arrays located on the study
site: A, B, C, or D.
B
AHA indicates ACUB Herpetofauna Array, CTHA indicates Camp Tiak Herpetofauna Array, MHHA
indicates Mars Hill Herpetofauna Array, and S7HA indicates Site 7 Herpetofauna Array.
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59
131
0
1
5
1
0
1
19
284
0
4

American toad
Oak toad
Southern toad
Eastern narrowmouth toad
Treefrogs
Green treefrog
Barking treefrog
Squirrel treefrog
True frogs
Bullfrog
Bronze frog
Southern leopard frog
Spring peeper
Eastern spadefoot toad

Anaxyrus americanus americanus

Anaxyrus quercicus

Anaxyrus terrestris

Gastrophryne carolinensis

Hyla spp.

Hyla cinerea

Hyla gratiosa

Hyla squirella

Lithobates spp.

Lithobates catesbeianus

Lithobates clamitans clamitans

Lithobates sphenocephalus utricularius

Pseudacris crucifer

Scaphiopus holbrookii holbrookii

0
0

Species Richness

0

Mississippi slimy salamander

Plethodon mississippi

Subtotal

0

Southern two-line salamander

Eurycea cirrigera

Order Caudata

1

True toads

Anaxyrus spp.

12

0

Southern cricket frog

Acris gryllus gryllus

514

0

Northern cricket frog

Acris crepitans crepitans

Subtotal

7

Frogs and toads

Order Anura

Species Richness

1

Common Name

Taxon

Black pine snake
detected areas
N

2

27

23

4

10

796

12

2

29

92

0

1

6

2

0

2

328

75

0

4

230

13

0

Non black pine snake
detected areas
N

0.0000

0.0000

0.0000

0.0605

0.0005

0.0000

0.0334

0.0022

0.0001

0.0000

0.0001

0.0006

0.0001

0.0000

0.0154

0.0069

0.0001

0.0000

0.0000

0.0008

0.0001

Black pine snake
detected areas
CPUE

0.0037

0.0031

0.0005

0.1077

0.0016

0.0003

0.0039

0.0124

0.0000

0.0001

0.0008

0.0003

0.0000

0.0003

0.0444

0.0101

0.0000

0.0005

0.0311

0.0018

0.0000

Non black pine snake
detected areas
CPUE

Table 5.2. Amphibian, reptile, and mammal counts and catch per unit effort from funnel/pitfall trap surveys on 4 black pine
snake (Pituophis melanoleucus lodingi) study areas located in Forrest and Perry counties, Mississippi from March
through September 2010.
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28

Broadhead skink
Ground skink
Southern fence lizard

Plestiodon laticeps

Scincella lateralis

Sceloporus undulatus

64
20
86
3
0
13
4
2
21
1
0
1
1
3
11

Snakes
Southern copperhead
Scarlet snake
Southern black racer
Eastern diamondback rattlesnake
Eastern mudsnake
Eastern hognose snake
Speckled kingsnake
Scarlet kingsnake
Eastern coachwhip
Eastern coral snake
Yellowbelly watersnake
Rough green snake
Corn snake
Texas ratsnake
Black pine snake

Suborder Serpentes

Agkistrodon contortrix contortrix

Cemophora coccinea

Coluber constrictor priapus

Crotalus adamanteus

Farancia abacura abacura

Heterodon platirhinos

Lampropeltis getula holbrooki

Lampropeltis triangulam elapsoides

Masticophis flagellum flagellum

Micrurus fulvius fulvius

Nerodia erythrogaster flavigaster

Opheodrys aestivus

Pantherophis guttata

Pantherophis obsoleta

Pituophis melanoleucus lodingi

Order Squamata

1

Southeastern five-lined skink

Plestiodon inexpectatus

6

1

Five-lined skink

Plestiodon fasciatus

88

4

Six-lined racerunner

Subtotal

1

Green anole

Aspidoscelis sexlineata sexlineata

Species Richness

0
53

Lizards

Black pine snake
detected areas
N

Anolis carolinensis carolinensis

Common Name

Suborder Lacertilia

Order Squamata

Taxon

Table 5.2. (Continued).

0

0

5

3

2

0

1

0

17

11

1

2

119

5

36

7

171

48

8

22

37

51

2

3

Non Black pine snake
detected areas
N

0.0013

0.0004

0.0001

0.0001

0.0000

0.0001

0.0025

0.0002

0.0005

0.0015

0.0000

0.0004

0.0101

0.0024

0.0075

0.0104

0.0033

0.0001

0.0001

0.0005

0.0001

0.0062

0.0000

Black pine snake
detected areas
CPUE

0.0000

0.0000

0.0007

0.0004

0.0003

0.0000

0.0001

0.0000

0.0023

0.0015

0.0001

0.0003

0.0161

0.0007

0.0049

0.0231

0.0065

0.0011

0.0030

0.0050

0.0069

0.0003

0.0004

Non Black pine snake
detected areas
CPUE
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1
3
1

Eastern ribbonsnake
Eastern garter snake
Smooth earth snake

Thamnophis sauritus sauritus

Thamnophis sirtalis sirtalis

Virginia valeriae valeriae

2

Gulf coast box turtle
Three-toed box turtle

Terrapene carolina major

Terrapene carolina triungus

1
1

1
Subtotal

Virginia opossum
Species Richness

Opossums

Didelphis virginiana

1

Order Didelphimorphia

1

1
Subtotal

Long-tail weasel

Mustela frenata

Species Richness

Mustelids

Order Carnivora

3

2

Common musk turtle

Sternotherus odoratus

8

0

Mississippi mud turtle

Kinosternon subrubrum hippocrepis

Subtotal

0

Gopher tortoise

Gopherus polyphemus

Species Richness

4

Turtles

Order Testudines

19

1

Redbelly snake

Storeria occipitomaculata occipitomaculata

242

0

Midland brown snake

Storeria dekayi wrightorum

Subtotal

5

Dusky pygmy rattlesnake

Sistrurus miliarius barbouri

Species Richness

1

Gulf crayfish snake

Regina rigida sinicola

Black pine snake
detected areas
N

Common Name

Taxon

Table 5.2. (Continued).

1

4

4

1

3

3

3

7

0

3

1

3

0

14

211

0

6

0

1

2

0

0

Non Black pine snake
detected areas
N

0.0001

0.0001

0.0001

0.0001

0.0009

0.0002

0.0002

0.0000

0.0000

0.0005

0.0285

0.0001

0.0004

0.0001

0.0001

0.0000

0.0006

0.0001

Black pine snake
detected areas
CPUE

0.0005

0.0005

0.0004

0.0004

0.0009

0.0000

0.0004

0.0001

0.0004

0.0000

0.0285

0.0000

0.0008

0.0000

0.0001

0.0003

0.0000

0.0000

Non Black pine snake
detected areas
CPUE
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6
8
1
110
1
29

House mouse
Pine vole
Eastern woodrat
Golden mouse
Peromyscus mouse spp
Eastern gray squirrel
Hispid cotton rat

Microtus pinetorum

Mus musculus

Neotoma floridana

Ochrotomys nuttalli

Peromyscus spp.

Sciurus carolinensis

Sigmodon hispidus

Southeastern shrew

Sorex longirostris

2

0

Eastern mole

Scalopus aquaticus

Species Richness

2

Least shrew

9

7

Southeastern short-tailed shrew

Cryptotis parva

Subtotal

0

Moles and shrews

Blarina carolinensis

8

Order Soricomorpha

Species Richness

157

1

Southern flying squirrel

Glaucomys volans

Subtotal

1

Mice, Rats, Squirrels, and Voles

1

Order Rodentia

1

Eastern cottontail rabbit

Sylvilagus floridanus
Subtotal

1

Swamp rabbit

Sylvilagus aquaticus

Species Richness

0

Rabbits

Order Lagomorpha

Black pine snake
detected areas
N

Common Name

Taxon

Table 5.2. (Continued).

3

91

45

0

1

45

6

224

29

2

156

0

7

26

4

0

1

3

0

3

Non Black pine snake
detected areas
N

0.0011

0.0000

0.0002

0.0008

0.0000

0.0185

0.0034

0.0001

0.0130

0.0001

0.0009

0.0007

0.0001

0.0001

0.0001

0.0001

0.0000

Black pine snake
detected areas
CPUE

0.0123

0.0061

0.0000

0.0001

0.0061

0.0303

0.0039

0.0003

0.0211

0.0000

0.0009

0.0035

0.0005

0.0000

0.0004

0.0000

0.0004

Non Black pine snake
detected areas
CPUE

Table 5.3. Kruskal-Wallis results for amphibians, reptiles, and mammals from drift
fence arrays on 4 black pine snake (Pituophis melanoleucus lodingi) study
areas located in Forrest and Perry counties in south Mississippi, from March
through September 2010.
Chi
square

Df

P-value

Mean score
(Black Pine
Snake)

S.E.
(Black Pine
Snake)

Mean score
(no Black
Pine Snake)

S.E.
(no Black
Pine Snake)

Turtles totals

0.309

1

0.578

1.000

0.267

0.875

0.398

Terrapene carolina major

0.238

1

0.626

0.500

0.189

0.375

0.183

Lizards totals

9.331

1

0.002a

11.000

1.955

22.500

1.742

a

Order/Species

a

Aspidoscelis s. sexlineata

7.110

1

0.008

6.625

1.981

0.250

0.250

Plestiodon fasciatus

8.912

1

0.003a

0.125

0.125

6.375

1.792

P. inexpectatus

9.995

1

0.002a

0.500

0.267

4.625

0.800

P. laticeps

6.804

1

0.009a

0.125

0.125

2.750

0.840

Scincella lateralis

4.292

1

0.038a

0.125

0.125

1.000

0.378

Sceloporus undulatus

0.548

1

0.459

3.500

0.866

6.000

1.946

Snakes totals

0.548

1

0.459

30.125

3.482

26.375

1.822

Agkistrodon c. contortrix

0.812

1

0.367

8.000

2.521

4.500

1.018

Cemophora coccinea

4.402

1

0.036a

2.500

0.598

0.625

0.375

Coluber constrictor priapus

2.357

1

0.125

10.750

2.077

14.875

1.260

Crotalus adamanteus

0.813

1

0.367

0.375

0.183

0.250

0.250

Heterodon platirhinos

3.809

1

0.283

1.375

0.460

1.625

0.680

Lampropeltis getula holbrooki

5.361

1

0.021a

0.500

0.327

2.123

0.549

Masticophis f. flagellum

8.912

1

0.003a

2.625

0.730

0.125

0.125

Pantherophis guttata

1.550

1

0.213

0.125

0.125

0.625

0.324

Pituophis melanoleucus lodingi

8.471

1

0.004a

1.375

0.375

0.000

0.000

Sistrurus miliarius barbouri

2.133

1

0.144

0.625

0.420

0.000

0.000

Thamnophis s. sirtalis

0.682

1

0.409

0.375

0.183

0.750

0.313

Frogs totals

0.893

1

0.345

64.125

20.583

99.625

31.499

Acris g. gryllus

0.407

1

0.523

0.875

0.515

1.625

0.800

Anaxyrus sp.

8.388

1

0.004a

0.000

0.000

28.750

11.554

A. terrestris

0.544

1

0.461

7.375

2.796

9.375

2.625

Gastrophryne carolinensis

2.028

1

0.154

16.375

4.877

41.000

17.890

Hyla gratiosa

0.593

1

0.441

0.625

0.324

0.250

0.164

H. squirella

2.786

1

0.095

0.125

0.125

0.750

0.313

Lithobates c. clamitans

2.538

1

0.111

2.375

1.179

11.500

4.895

L. sphenocephalus utricularius

0.481

1

0.488

35.500

17.577

3.625

0.730

Scaphiopus h. holbrookii

0.092

1

0.762

0.500

0.267

1.500

1.000

Salamander totals

12.995

1

0.000a

0.000

0.000

3.375

0.532

Plethodon mississippi

13.128

1

0.000a

0.000

0.000

2.875

0.398

Carnivores totals

0.482

1

0.488

0.125

0.125

0.375

0.263

Lagomorphas totals

0.482

1

0.488

0.125

0.125

0.375

0.263

Meso-mammals totals

2.455

1

0.117

0.125

0.125

0.500

0.189

Bold font indicates significance difference in parameter between study area types at the P < 0.05 level.
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Table 5.3. (Continued).
Chi
square

Df

P-value

Mean score
(Black Pine
Snake)

S.E.
(Black Pine
Snake)

Mean score
(no Black
Pine Snake)

S.E.
(no Black
Pine Snake)

Rodents totals

2.326

1

0.127

19.875

2.979

28.000

5.064

Mus musculus

2.455

1

0.117

0.125

0.125

0.500

0.189

Microtus pinetorum

4.520

1

0.034a

0.750

0.250

3.250

0.840

Neotoma. floridana

0.450

1

0.502

1.000

0.327

0.875

0.479

Peromyscus sp.

1.221

1

0.269

13.750

2.024

19.500

4.097

Sigmodon hispidus

0.012

1

0.915

3.625

0.905

3.625

0.962

Shrew totals

10.888

1

0.001a

0.875

0.479

11.500

1.918

Blarina carolinensis

12.973

1

0.000a

0.000

0.000

5.625

0.981

Cryptotis. parva

2.604

1

0.107

0.875

0.479

0.125

0.125

Sorex longirostris

12.908

1

0.000a

0.000

0.000

5.625

1.362

Order/Species

a

Bold font indicates significance difference in parameter between study area types at the P < 0.05 level.
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Stepwise Combined Model

Y = -0.01613 + 0.07090 (Percent Coverage Leaf Litter) + 0.00055283 (Basal Area)
Y = 17.61722 – 0.53999 (Density of Stump holes) + 1.97022 (Number of Downed Logs
Herpetofauna species richness
(>30.48 cm))
Herpetofauna CPUE
Y = 0.06993 +0.05650 (Number of Downed Logs Size (>30.48 cm)
Six-lined racerunner CPUE
Y = 0.01146 – 0.00958 (Percent Coverage of Leaf Litter) – 0.00103 (Density of Stump holes)
Y = -0.00466 – 0.00788 (Percent Coverage Woody Vegetation (>1 m Height)) + 0.00344
Skink CPUE
(Number of Downed Logs Size (>30.48 cm))
Y = 0.00458 – 0.01805 (Percent Coverage Herbaceous Vegetation (>.3 m - ≤1 m Height)) –
Scarlet snake CPUE
0.00193 (Percent Coverage Woody Vegetation (>1 m Height))
Speckled kingsnake CPUE
No variables met the 0.05 significance level for entry into the model.
Y = 0.00214 + 0.00240 (Percent Coverage Herbaceous Vegetation (≤.3 m Height)) –
Eastern coachwhip CPUE
0.00039345 (Density of Stump holes)
Y = -5.78275 + 20.53336 (Percent Coverage of Leaf Litter) + 8.68957 (Percent Coverage
Shrew CPUE
Woody Vegetation (>.3 m - ≤1 m Height))
Pine vole CPUE
Y = 0.54766 +0.32729(Density of Stump holes)
Note: Y = response variable of species richness or CPUE.
a
Catch per unit effort (CPUE) = Percentage calculated for each species as total number of captured individuals per site divided by the adjusted number
of trap days for that site.

Rodent CPUE

a

Community Metric (Y)

Table 5.4. Combined stepwise regression models of habitat variables for areas of black pine snake (Pituophis melanoleucus
lodingi) detection and areas of no detection from Forrest and Perry counties, Mississippi during 2010.

Table 5.5. Mean percent coverage of vegetation along line intercepts and mean counts
of habitat variable from circular plots originating from sample points for
occupied gopher tortoise (Gopherus polyphemus) areas and un-occupied
gopher tortoise areas on the 4 black pine snake (Pituophis melanoleucus
lodingi) study areas in Forrest and Perry counties, Mississippi during
summer 2010.

Parameter

Black Pine Snake
Detection Areas

Black Pine Snake
Non-detection Areas

Mean (S.E)

Mean (S.E)

Df

Chi-square

Herbaceous Vegetation
49.24% (9.14%)
36.67% (9.83%)
1
0.1437
≤0.3m in height
Woody Vegetation
58.68% (8.36%)
24.25% (3.91%)
1
0.0014a
≤0.3m in height
Herbaceous Vegetation
12.00% (5.00%)
9.00% (2.50%)
1
0.7675
>0.3-≤1m in height
Woody Vegetation
32.69% (6.96%)
61.65% (8.56%)
1
0.0102a
>.3-≤1m in height
Woody Vegetation
102.85% (15.33%)
151.68% (22.90%)
1
0.2084
>1m in height
Leaf Litter
25.15% (5.44%)
49.45% (5.32%)
1
0.0043a
Stump Holes
3.10 (0.68)
5.05 (0.54)
1
0.0098a
>12” dbh Logs
0.85 (0.24)
1.30 (0.25)
1
0.1597
>12” dbh Stumps
1.45 (0.47)
2.10 (0.46)
1
0.1383
Total
48.50 (5.59)
49.50 (6.39)
1
0.9347
Basal Area
Pine
40.50 (5.60)
30.00 (5.13)
1
0.2043
Basal Area
Hardwood
8.00 (2.96)
19.50 (5.26)
1
0.1400
Basal Area
Overstory Canopy
70.00% (8.40%)
75.00% (7.70%)
1
0.6908
Coverage
a
Bold font indicates significance difference in parameter between study area types at the P < 0.05 level.
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CHAPTER VI
SUMMARY AND CONCLUSIONS
The longleaf pine ecosystem once covered most of the Lower Gulf Coastal Plain
of the southeastern United States. Today most of this habitat type has been converted to
agriculture, developed, or degraded through poor management practices (Frost 2006).
This habitat alteration has affected many plant and animal species, most of which occur
only in this particular habitat type. Along with detrimentally affecting longleaf habitat
specialists, such as black pine snakes and gopher tortoises, non-native species have
become established and have increased their range of infestation in the Southeast (Wojcik
et al. 2001; Epperson and Heise 2003). Conservation and restoration efforts have been
implemented for recovery of the longleaf pine ecosystem in recent decades; however,
positive responses of some imperiled flora and fauna have been limited due to continued
loss and degradation of habitat, especially on privately owned lands.
I conducted fauna and flora surveys on land bases on 4 study sites in southern
Mississippi from March through October 2010 to compare vegetation, habitat conditions,
fire ant mound densities, and herpetofauna and mammal communities on areas where
black pine snakes were detected and areas where they were not detected. Inferences
made from my study results are restricted to ACUB, Camp Tiak, Mars Hill, and Site 7
and similar physiographic areas in southern Mississippi. While 16 study sites were
selected for imported fire ant mound density estimates, only 4 of the 16 were trapped for
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black pine snakes. All 4 sites were located on public lands but only 2 were on federal
lands (Mars Hill, and Site 7). Black pine snakes were not detected on ACUB and Camp
Tiak, but black pine snakes were detected on study sites under federal management.
Additionally, vegetation and faunal community metrics were measured to estimate
species occurrences and habitat conditions on areas of black pine detection and nondetection.
Fire ant mound densities were significantly greater on pine regeneration ≤5 years
of age, pine >5 year - ≤15 years of age, and pine >15 years of age where gopher tortoises
occur. Deleterious effects on gopher tortoise nests and hatchlings have been previously
reported and because of high mound densities, increases in chance of depredation of
gopher tortoise nests and hatchlings from fire ants may be occurring on my study sites
(Diemer 1986; Allen et al. 1994; Epperson and Heise 2003; DeBerry et al. 2008).
Declines in other imperiled species that co-occur within gopher tortoise areas have been
noted by other studies that discussed implications of depredation by fire ants on species
with declining populations (Freed and Neitman 1988; Brennan 1991; Allen et al. 1995;
Tuberville et al. 2000). Conservation practices including plowing of fire lanes, substrate
disturbance for planting of trees, and prescribed burning are used in the southeastern
coastal plain for many of these imperiled species and longleaf pine restoration.
Disturbance oriented management practices may favor spread of imported fire ants and
potentially increase fire ant mound densities across the landscape (Allen et al. 1995;
Forbes et al. 2002; Todd et al. 2008). Fire ant mound densities that I recorded on suitable
and priority gopher tortoise soils of private and public lands may be indicative of mound
densities and infestation levels of fire ants on other areas in the southeast, including
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gopher tortoise mitigation areas. Monitoring and timely control on detected mounds
should be the first step in fire ant control and is essential on areas where imperiled
species management or habitat restoration is planned (DeBerry et al. 2008).
Numerous fire ant control agents exist, with some more environmentally
damaging or costlier than others. Eradication of fire ant colonies can be accomplished
with hot water boilers (Sullivan 2003; King and Tschinkel 2006). Though less toxic or
costly than other methods, results can include dead grass and soil sterilization. Often
multiple colonies must be dealt with over larger acreages, which would make the
previously mentioned control method unfeasible (Wojcik et al. 2001). Many forms of
fire ant pesticides are available, but many are often expensive and may only provide
temporary control (up to one year) with deleterious effects noted on other non-target
species, including gopher tortoises (Wojcik et al. 2001; Williams et al. 2003).
Environmentally friendly control methods, including organisms that prey on fire ants in
their native environment are currently being investigated (Williams et al. 2003). More
research is needed on fire ant control, but reduction of fire ant mound densities and
infestations using biological and chemical control in the southeastern United States has
shown promising results (Pereira 2003; Oi et al. 2008).
Based on my study, black pine snakes were found on areas of greater coverage of
woody vegetation at ≤0.3 m in height. Woody vegetation consisted of soft mast
producing shrubs that could support black pine snake prey base consisting of hispid
cotton rats and Peromyscus spp. mice (Kincaid and Cameron 1982; Miller and Miller
2003; Baxley 2007). Understory herbaceous and woody vegetation and fruit production
from these plants may influence numbers and availability of black pine snake prey.
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Conversely, woody vegetation of >0.3 m to ≤1.0 m in height can have a negative
influence on habitat quality for black pine snakes and the ground cover plants which
provide food and cover for their prey base. Habitat management including retention of
low growing fruit producing woody vegetation, such as Gaylussacia dumosa and
Vaccinium myrsinites and herbaceous plant associates while also controlling dense
canopy development of woody plant cover at >0.3 m to ≤1.0 m in height should be
accomplished to benefit black pine snakes. Plants such as yaupon and gallberry species
may comprise > 50% coverage in areas where prescribed fire intervals have been over 5
years (Jones and Dorr 2004; Yager et al. 2007). These vegetation conditions were
recorded on my study sites where black pine snakes were not detected.
Vegetation in the >0.3 m to ≤1.0 m height class consisted primarily of Ilex species
and had a greater overall coverage along line transects than vegetation in the ≤.3 m height
class. Greater percent coverage of these shrubs was recorded on areas where black pine
snakes were not detected. These coverage characteristics were due, in part, to lack of
frequent prescribed fires (Yager et al. 2007). Gallberry and yaupon coverages potentially
influenced ground coverage (≤0.3 m) of herbaceous and woody vegetation that could
benefit black pine snakes and their prey base (Kincaid and Cameron 1982; Baxley 2007).
Longleaf pine habitat similar to “pristine” conditions of open canopy pine forests with
fire-suppressed midstories are where black pine snakes were typically found by other
researchers (Duran 1998; Baxley 2007). Mars Hill and Site 7, the 2 areas where black
pine snakes were detected during my study, had prescribed fire used as a management
tool and of my 4 study sites, these areas exhibited high quality habitat for black pine
snakes (Baxley 2007). Black pine snake habitat conditions were potentially influenced
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by effects of fire on the vegetation communities (Maser et al. 1979). Reduction in woody
vegetation coverage at >0.3 m - ≤1.0 m height was due, in part, to prescribed burning and
military ignition fires that occurred at 2 to 3 year intervals. Conversely, ACUB and
Camp Tiak, areas where black pine snakes were not detected lacked management used
prescribed burning during the past 5 years and exhibited dense coverage of evergreen
shrubs (Yager et al. 2007).
Management practices including reduction of the midstory canopy coverage of
>0.3 m - ≤1.0 m in height should be considered for longleaf pine restoration and
enhancement of habitat conditions for black pine snakes and their species associates
(Yager et al. 2007). Herbicide application and prescribed fire can be used to reduce
coverage of upper shrub and tree canopy layers for stimulation of ground cover of
herbaceous and low growing woody plants (Burke et al. 2008). Based on my findings,
retention of low growing ground cover along with reduction in coverage of woody
vegetation of >0.3 m - ≤1.0 m in height may be advantageous to black pine snakes and
their prey base. Therefore, I submit that vegetation management should be accomplished
in a manner that retains low-growing soft mast producers, such as Gaylussacia sp.,
Toxicodendron pubescens, and Vaccinium myrsinites. I recorded these vegetation species
at a mean percent coverage of about 35% (+21), but more research is needed to determine
is this amount would be advantageous for black pine snakes, their prey base or species
associates.
Furthermore, my research showed that black pine snakes were associated
negatively by stump hole numbers, but I submit that this finding does not negate the
importance of stump holes as cover for black pine snakes. Based on my study,
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silvicultural practices including artificial plantings and tree harvesting can potentially
result in high number of stump holes across the landscape. Therefore, other habitat
features that benefit black pine snakes in addition to stump hole availability should be
considered when estimating potential occurrence or detection probabilities for black pine
snakes. As data from my study revealed, detection of black pine snakes should not be
explained solely on number of stump holes in the absence of habitat evaluations of
overstory and midstory canopy coverage, plant ground cover characteristics, soil types,
and fire management. Despite negative associations of stump holes with detection of
black pine snakes, all of my study sites exhibited stump holes, with numbers ranging
from 68 to 88 on areas of black pine snake detection. Therefore, my findings do not
negate the need for conservation of underground refugia, such as stump holes. This type
of cover should be considered important for black pine snakes and many other reptiles,
amphibians, and mammals (Duran 1998; Means 2005; Waldron 2005; Baxley 2007;
Hyslop 2007).
Based on my study, eastern coachwhips, scarlet snakes, and six-lined racerunners
were associated with habitat conditions that supported black pine snakes including; less
coverage of leaf litter, woody vegetation >0.3 m - ≤1.0 m in height, and increased
coverage of woody vegetation ≤0.3 m in height. Other habitat conditions, including
increased coverage of leaf litter, woody vegetation >0.3 m - ≤1.0 m in height, and
decreased coverage of woody vegetation ≤0.3 m in height, were typical on areas of non
detection. These types of habitat conditions did support other species that were not
typically associated with black pine snakes. Importance of these habitats would be less
for black pine snakes, but these habitats and habitat variables could be important to many
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other species and may help preclude population declines in certain species through
conservation of these habitats. Many of these species found in these habitats or
associated with these habitat variables are considered common or generalist species and
can be found in a variety of habitat types (Conant and Collins 1998; Reid 2006).
Managing for these different habitat types may affect prey base numbers and
invasive species. Conservation of a habitat mosaic may provide habitat diversity which
can be utilized by rodents, amphibians, birds, mammals, and reptiles that are potential
prey base for not only black pine snakes, but many other snake species. Snake movement
patterns are often influenced by prey movement through different habitat types, so a wide
variety of prey species may be necessary for some snake species (Heard et. al 2004).
Invasive species including cogongrass and imported fire ants may benefit from
disturbed or fragmented habitats, so conservation of large natural areas or corridors of
similar habitat may be important (Stiles and Jones 1998). Amount of canopy cover has
been shown to affect seed dispersal distance for cogongrass. More open areas, or areas
that are disturbed have less canopy cover and cogongrass seed dispersal distance has been
shown to favor these conditions, whereas dense canopy cover has been shown to
negatively affect seed dispersal distance (Yager et al. 2011). These dense canopy cover
areas may also act as dispersal barriers for imported fire ants. My results have shown
that in most of the habitat types I examined in southern Mississippi, mound densities
numbers of imported fire ant were significantly greater in more open areas than in other
more densely vegetated areas. Because prescribed fire is used as a management tool in
the southeast U.S., especially for longleaf pine ecosystems, conditions favoring black
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pine snakes and gopher tortoises could be conducive for the spread of cogongrass and
imported fire ants (Dickson 2001).
Landscape position, habitat management, and edaphic factors may influence the
success of longleaf pine restoration and are important factors for consideration in
restoration of longleaf pine and recovery of imperiled species that are dependent on that
ecosystem. One of the main criteria for land base inclusion in this study was the
dominance of soil types that were suitable or priority soils for gopher tortoises (USFWS
1990). These soils are important to gopher tortoises and are associated with longleaf pine
sandhill and savanna habitat, where gopher tortoises occur (USFWS 1990). For my
study, suitable and priority gopher tortoise soils were located within a set of buffers in
250 m increments from 250 – 2000 m around each study area boundary. Suitable soils
accounted for 6615.90 ha whereas priority soils accounted for 29.51 ha across total buffer
distance (Table 6.1). Buffer distances are based on estimates of average movements from
radio-telemetry location events reported by Baxley (2007) for black pine snakes in south
Mississippi. With the use of GIS modeling, I constructed maps using ArcMap® (ESRI,
Redlands, CA) to show the suitable and priority soils using the afore described techniques
(Figures 6.1 – 6.4). I submit that this approach used in conjunction with field evaluations
of habitat conditions can be used to assist biologists and land managers with prioritization
of lands for longleaf pine restoration and other programs that may enhance conservation
for black pine snakes and species associates.
Conservation of larger tracts of “pristine” longleaf pine habitat that exhibit habitat
conditions stimulated by prescribed burning may be among the greatest needs for black
pine snake conservation. Because black pine snakes require large habitat areas,
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fragmentation of the remaining longleaf pine habitat causes increasingly worsening
conditions for recovery of black pine snake populations (Duran 1998; Baxley 2007).
Many of the larger tracts of remaining longleaf pine habitat are public lands, such as
public forest lands, state parks and wildlife management areas, and military installations.
These areas are considered some of the “pristine” examples of longleaf pine habitat, and
thus, have the potential to sustain many herpetofaunal species that require vast areas of
natural pine forests for large home ranges. Inclusion of private land bases for
conservation of imperiled species and restoration of longleaf pine ecosystems are
important in long term effectiveness of conservation programs (USFWS 2010).
Enrollment of private lands in conservation programs that fund or cost share longleaf
pine and sandhill community restoration could play an important role in increasing
habitat availability and connective corridors for reptiles, such as gopher tortoises, black
pine snakes, and other specialist of the longleaf pine ecosystems (Means 2006).
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594.88
1264.31
2005.74
2817.71
3698.96
4593.06
5576.24
6615.90

500

750

1000

1250

1500

1750

2000

Suitable
(ha)

250

Study area/
Buffer Distance (m)

All

29.51

27.53

26.89

15.31

12.41

12.41

12.24

8.64

Priority
(ha)

822.27

686.16

568.83

460.57

333.62

224.56

137.50

58.39

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

ACUB
Suitable Priority
(ha)
(ha)

1903.40

1572.17

1269.93

992.13

749.02

526.08

319.63

147.69

3.81

3.81

3.81

3.81

3.81

3.81

3.64

0.04

Camp Tiak
Suitable
Priority
(ha)
(ha)

2646.55

2316.77

1969.31

1644.51

1298.14

965.42

640.02

319.53

4.40

2.42

2.42

2.42

2.42

2.42

2.42

2.42

Mars Hill
Suitable
Priority
(ha)
(ha)

1243.68

1001.14

784.99

601.75

436.93

289.68

167.16

69.27

Suitable
(ha)

21.30

21.30

20.66

9.08

6.18

6.18

6.18

6.18

Priority (ha)

Site 7

Table 6.1. Amount of land surface area (ha) of suitable and priority soils found within 250, 500, 750, 1000, 1250, 1500, 1750, and
2000 meter buffers around study area boundary used for the gopher tortoise (Gopherus polyphemus) and black pine snake
(Pituophis melanoleucus lodingi) study in south Mississippi, 2010.
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Figure 6.1. ACUB study area with suitable and priority soils found within 250, 500, 750, 1000, 1250,
1500, 1750, and 2000 meter buffers around study area boundary used for the gopher tortoise
(Gopherus polyphemus) and black pine snake (Pituophis melanoleucus lodingi) study
located in Forrest county, Mississippi during 2009 - 2010.
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Figure 6.2. Camp Tiak study area with suitable and priority soils found within 250, 500, 750, 1000, 1250,
1500, 1750, and 2000 meter buffers around study area boundary used for the gopher tortoise
(Gopherus polyphemus) and black pine snake (Pituophis melanoleucus lodingi) study
located in Forrest county, Mississippi during 2009 - 2010.
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Figure 6.3. Mars Hill study area with suitable and priority soils found within 250, 500, 750, 1000, 1250, 1500, 1750, and 2000 meter buffers around
study area boundary used for the gopher tortoise (Gopherus polyphemus) and black pine snake (Pituophis melanoleucus lodingi) study
located in Perry county, Mississippi during 2009 - 2010.
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Figure 6.4. Site 7 study area with suitable and priority soils found within 250, 500, 750, 1000, 1250, 1500, 1750, and 2000 meter buffers around study
area boundary used for the gopher tortoise (Gopherus polyphemus) and black pine snake (Pituophis melanoleucus lodingi) study located
in Perry county, Mississippi during 2009 - 2010.

